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titudes  as  a  function  of  time.  The  analysis  indicates  how  well  the  time/ 
altitude  variance  of  the  power  spectra  can  be  represented  by  a  simple  analytic 
expression:  (1)  a  log-log  linear  (jjower  law)  fit;  (2)  an  exponential  fit  in  . 
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the  frequency  domain.  It  has  been  found  that  both  of  the  single  simplified 
expressions  underestimate  the  power  at  low  frequencies.  However,  for  a 
single  simple  expression,  the  log-log  linear  fit  is  a  better  representation 
of  the  data  at  very  low  frequencies. 
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within  the  striations  from  the  exponential  fit;  (in  this  synthesis,  the 
striations  are  assumed  to  have  Gaussian  electron  density  profiles).  On 
this  basis,  a  volume  emission  from  the  striated  region  is  determined  from 
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PREFACE 

Many  individuals  from  various  research  organizations  contributed 
to  the  success  of  this  study.  To  these  individuals  we  are  very  grateful. 
The  work  was  aided  by  several  archival  documents  provided  by  Mr.  Ed  Mar¬ 
tin  of  DASIAC,  GE  TEMPO.  These  dociments,  as  well  as  useful  discussions 
with  Drs.  John  Zinn  and  David  Simons  of  LASL,  J-10  Division,  provided 
useful  background  information.  We  also  wish  to  thank  Dr.  Walter  Ches- 
nut  of  SRI  International  for  providing  the  Canton  Island  film  and  some  of 
the  results  of  his  geometric  analysis  of  this  film.  Perhaps  the  most  sig¬ 
nificant  influence  on  the  contents  of  this  report  were  discussions  held 
with  Dr.  Herman  Hoerlin  of  LASL  and  Lt.  Col.  Robert  Bigoni  and  Capt.  Leon 
Wittwer  of  DNA.  Capt,  Wittwer's  review  and  comments  on  some  of  the  pre¬ 
liminary  computer  results  were  most  appreciated. 


SUMMARY 


In  this  rsport  «•  havs  stmarissd  rasults  of  derived  parameters 
of  simple  analytic  representations  of  spatial  frequency  spectra  that 
arose  frost  relative  radiance  smasurements  of  STARFISH  striations  as 
recorded  on  film  at  Canton  Island.  We  have  tried  to  establish  a  time 
and  altittide  dependence  of  the  power  spectra.  Study  of  the  presented 
data  reveals  that  it  is  not  c^ious  that  such  a  dependence  exists  in 
the  time  period  and  location  of  our  analysis.  It  could  very  well  be, 
that  at  these  late  times,  the  striation  region,  %fhich  is  far  removed 
from  the  burst  location,  is  substantially  the  same  and  regions  with¬ 
in  this  striation  volume  of  different  character,  which  ought  to  be 
described  by  different  PSDs,  do  not  exist.  In  any  event,  the  data  is 
presented  in  sufficient  detail  to  allow  review  by  others,  as  to  the 
existence  of  possible  tima/altitude  effects  on  the  determined  PSDs. 

The  prime  purpose  of  these  measurements  was  to  establish  the 
power  spectral  density  from  the  striation  properties  and  determine 
if  these  striation  properties  would  restrict  the  PSD  to  a  relatively 
sisqple  analytic  form.  It  is  clear  from  the  presented  results  how 
wll  this  can  be  achieved  by  a  single  power  law  or  a  single  exponential 
fit.  It  is  also  shown  how  a  better  fit  to  the  data  is  achieved  by 
a  t%io-term  exponential  fit.  Although  time  did  not  allow  a  review  of 
the  data  in  terms  of  a  similar  t%io-term  power  law  fit,  it  is  certain 
that  very  good  representation  of  the  STARFISH  PSDs  %fould  be  achieved 
from  such  a  two-term  ei^ression. 
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In  any  event,  an  adequate  simple  power  law  of  the  PSD  description 
of  the  STARFISH  Canton  Island  striation  region  is  allowable.  Our  endeavor 
to  fit  all  the  data  by  one  single  power  law  expression  forces  the  selec¬ 
tion  of  a  large  L  value  (as  shown  in  the  presented,  tabulated  data)  for 
the  outer  scale  size.  If  one  eliminates  the  steep  PSD  data  at  very  small 
k  values  (k  >  0.02  radians/km)  as  being  spurious  (since  we  at  present  do 
not  understand  the  cause  of  this  initial  PSD  shape) ,  a  single  power  law 
expression  yields  an  outer  scale  size  value  of  L  between  40  and  100  km/rad 
(see  Figure  4.1).  The  slope  of  the  linear  portion  of  the  PSD  has  a  value 
of  about  2.0. 

In  summary,  it  appears  that  a  reasonable  fit  to  the  stochastic  rad¬ 
iance  fluctuations  observed  from  Canton  after  the  Starfisn  test  is  a  simple 
power  law  PSD  with  a  slope  of  2  and  outer  scale  of  about  40  km/ rad.  The 
reader  should  note  that  the  radiance  profile  is  the  result  of  a  line  integ¬ 
ral  along  the  sight  path  through  the  fluctuations,  and  is  therefore  anala- 
gous  to  the  phase  shift  profile  of  a  propagating  electromagnetic  wave.  The 
results  presented  here  suggest  the  if  the  phase  shift  PSD  had  been  measured 
at  Canton  Island,  it  would  also  have  had  a  slope  of  2. 

The  measured  optical  power  is  presented  as  relative  radiance  since  cali¬ 
bration  information  is  not  available  for  the  film  considered.  An  estimate  of 
the  optical  radiance  (in  ergs/cra^/sec./ster. )  can  be  obtained  by  multiplying 
this  relative  radiance  by  5.1  10  .  This  normalization  value  assumes  that  the 
peak  radiance  reported  by  Overbye^*  at  9  minutes  is  the  s.ime  as  the  peak  radian 
ce  presented  in  Figure  3.4.  The  factor  which  normalizes  the  area  under  the  PSD 
curve  to  1  is  also  presented  under  each  PSD  curve.  This  will  allow  the  user  of 
the  estimated  radiances  use  of  the  PSD  information  in  other  possible  detailed 
calculations. 
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SECTION  1 

INTRODUCTION 


In  recent  years,  the  effects  of  nuclear  weapon  induced  electron 
density  fluctuations  on  propagating  electromagnetic  signals  have  been  in¬ 
tensely  studied.  A  fairly  comprehensive  discussion  of  a  subset  of  these 
experimental  and  theoretical  activities,  based  on  the  theory  of  thin  phase 
screen  approximation,  is  presented  in  Reference  1.  In  many  of  these  studies 
the  electron  fluctuations  are  usually  characterized  by  a  power  spectral  den¬ 
sity  (PSD)  where  the  major  effort  is  to  associate  the  spatial  frequency  prop 
erties  of  the  PSD  with  electromagnetic  propagation  scintillation  effects. 

It  is  this  search  for  an  adequate  simple  analytic  PSD  description  that  is 
the  motivation  for  this  work. 

A  typical  example  of  current  experimental  efforts  for  simulating 
nuclear  weapon  effects  in  the  ionosphere  was  Operation  STRESS  (Satellite 
Transmission  Effects  Simulation).  The  principle  objective  of  such  experi¬ 
ments  is  the  study  of  actual  satellite  communication  links  propagating 
through  structured  barivun  plasma  clouds.  In  such  experiments  neutral  bar¬ 
ium  is  injected  into  the  ionosphere  in  sufficient  quantity  that  the  photo- 
ionized  barium  atoms  constitute  the  locally  dominant  positive  ion  species. 
The  assumption  of  charge  neutrality  leads  to  the  conclusion  that  the  local 
electron  density  fluctuations  are  directly  proportional  to  the  barium  ion 
density  variations.  As  a  result  of  preferred  plasma  expansion  along  the 
magnetic  field  line,  this  localized  barium  induced  plasma  leads  to  forma¬ 
tion  of  highly  organized  striation  structures  along  the  field  lines,  which 
in  many  respects  simulate  those  created  by  high  altitude  nuclear  detonations 
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This  mainly  txo  dimensional  variation  of  plasma  density  in  such 
a  striated  region  is  of  particular  interest  since  such  electron  irregu¬ 
larities  impose  a  corresponding  structure  on  the  phase  front  of  a  prop¬ 
agating  electromagnetic  signal.  With  sufficient  distortion  of  the  front, 
phase  and  amplitude  fluctuations  occur  in  the  received  signal.  The  result 
is  a  degradation  in  performance  of  communication  systems. 

As  a  consequence  of  this  interaction  between  striations  and  com¬ 
munication  reliability  this  report  adds  data  to  these  barium  studies  by 
presenting  results  of  PSD  studies  of  the  late  time  striated  region  pro¬ 
duced  in  the  ionosphere  following  the  megaton  STARFISH  nuclear  detonation. 
The  nuclear  device  (with  an  approximate  yield  of  1.45  megatons^)  was  det¬ 
onated  at  an  altitude  of  400  km  at  a  latitude  and  longitude  of  ground  zero 
of  16.47*  north  and  169.63*  west.  Ongoing  experiments  yielding  structured 
bariixn  plasma  clouds  try  to  simulate  many  aspects  of  this  nuclear  disturbed 
ionosphere. 

In  this  report  the  experimental  data  base  are  the  measured  relative 
optical  radicmce  profiles  of  striated  nuclear  ionization  as  recorded  in  the 
optical  waveband  on  film.  He  assume  that  at  the  late  times  of  these  meas¬ 
urements  in  the  non  burst  region  the  optical  radiance  of  the  recorded  stri¬ 
ations  is  proportional  to  the  integral  /  N*dz,  where  the  integral  is  along 
the  line  of  sight  and  is  limited  by  the  volume  of  the  recorded  optical  im¬ 
age.  Thus  the  optical  ir radiance  recorded  by  the  film  is  that  of  a  super¬ 
position  of  striations  with  "profiles'll^*  within  the  optically  observed  rad¬ 
iating  plasma,  tdiere  is  the  free  electron  density. 
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SECTION  2 

SlIMMPJiY  OF  DATA  BASE  AND  REDUCTION  PROCEDURES 

2.1  STARFISH  STRIATICN  DATA 

In  this  section  pertinent  data  necessary  to  the  data  reduction  pro¬ 
cess  are  presented.  For  geometric  orientation  Figure  2.1  presents  a  map  of 
the  Pacific  showing  the  location  of  Johnston  Island  -  the  approximate  loca¬ 
tion  of  the  burst  point,  Canton  Island  -  location  of  the  camera  system,  the 
magnetic  meridian  through  the  burst  point,  the  magnetic  equator,  and  various 
other  optical  data  gathering  stations. 

The  data  base  was  synthesized  from  a  series  of  photographic  images 
of  the  event  that  are  presented  in  Plates  3.1  through  3,8.  These  images 
were  acquired  by  a  SRI  International  camera  system  from  Canton  Island  at 

u 

approximately  the  magnetic  equator.  Canton  Island  is  at  a  longitude  of  2.97 
south  and  a  latitude  of  171.5®  west.  At  this  latitude  the  field  line  in  the 
magnetic  meridian  through  the  burst  point  is  located  at  a  longitude  of  173.06° 
west  and  an  altitude  of  833  km.  The  camera  optics  system  consisted  of  two 
major  elements  -  -  (1)  a  Praktina  35  mm  camera  with  an  f/2,  50  mm  focal  length 
lens  system,  and  (2)  an  18  inch  diameter  hemispherical  plastic  lens  capable 
of  a  130°  field  of  view.  The  plastic  lens  was  placed  approximately  two  feet 
above  the  Praktina  camera.  The  net  result  was  a  fourfold  increase  in  the  an¬ 
gular  field  of  view  of  the  Praktina  camera  in  the  central  image  region.  This 
allowed  a  field  of  view  of  approximately  120°  to  be  projected  onto  the  35mm 
film.  The  optic  axis  of  this  composite  camera  system  was  pointed  vertically 
toward  the  sky,  yielding  an  all-sky  type  of  image. 

This  camera  was  run  by  an  automatic  clock  that  took  a  one  minute 
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exposure  once  every  minute.  Thus  the  times  given  in  this  report  are 
times  of  each  exposure  after  burst  (i.e.,  film  exposed  from  30C  tc 
seconds  is  presented  as  occurring  at  330  seconds) . 


SUMMARY  OF  DATA  REDUCTION  PROCEDURE: 


The  details  of  the  data  processing  procedure  has  beer,  in  ly 

described.**  Only  the  basic  concepts  and  their  variations  as  they  apj  e;-.  to 
this  film  reduction  problem  will  be  presented  here.  The  reduced  data  covers 
the  time  period  after  burst  from  about  330  to  750  seconds  at  an  estimated 
altitude  of  920  to  1320  kilometers  (see  below).  During  this  time  period, 

it 

except  for  the  possible  'slow'  movement  of  the  striated  region  along  the 
magnetic  field  lines  towards  the  southern  conjugate,  no  other  motion  is 
apparent.  Thus  we  assume  magnetically  aligned  striations  in  which  the 
statistical  properties  of  the  striations  are  azimuthally  symmetric  about 
the  magnetic  field.  We  likewise  assume  that  the  striated  cloud  is  optically 
thin  for  which  the  measured  radiance  allows  the  determination  of  the 
electron  density  distribution,  N^. 

To  obtain  the  raw  magnetic  field  aligned  data  base  the  selected 
photographic  images,  shown  in  Plates  3.1  to  3.8,  reprr  j  the  optical 

emissions  of  field  ligned  spatial  distributions  of  st  ionization, 

were  subjected  to  a  sequence  of  data  reduction  cperatior  .  These  data 


*  A  review  of  color  films  during  this  time  period  from  the  LASL 

aircraft,  Maui,  Mauna  Loa,  Johnston  Island,  Canton  and  Tonga  Islands  re¬ 
veals  that  the  striated  region  radiates  in  the  yellow  and  is  superimposed 
on  a  glowing  apparently  not  structured  red  sky  background.  This  yellow 
striated  region  disappears  first  in  the  north,  giving  the  impression  to 
an  observer  of  an  apparent  southern  motion.  This  apparent  motion  can  also 
be  explained  by  a  decreasing  plasma  temperature  as  yielding  the  earlier 
decay  of  the  yellow  striated  region  at  lower  altitudes.  In  any  event,  this 
apparent  movement  would  not  introduce  a  serious  across  the  field  line  blur 
factor  in  the  black  and  white  images  and  is  not  considered  in  this  data 
reduction  process. 
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reduction  processes'*  can  be  conceptually  separated  into  four  major  portions. 

(1)  The  first  phase  of  the  data  reduction  process  consists  of  converting  the 
image  to  digital  form.  This  was  accomplished  by  means  of  an  AFWL  (Mann  - 
System)  scanning  microdensitometer,  A  selected,  approximately  magnetic  field 
aligned  area  (x  =  7,  y  =  13  mm)  of  each  film  image  (see  for  example  Plate 
3.1)  was  digitized  in  a  raster  pattern  using  an  aperture  whose  dimensions 
were  10  microns  in  the  horizontal  (i.e.,  across  the  striations,  or  x-direction) , 
and  100  microns  in  the  vertical  (along  the  striation,  or  y-direction) . 


To  form  the  raster  scan  pattern,  the  image  density  (log  of  the  ratio 
of  light  intensity  transmitted  by  the  film)  was  sampled  every  5  microns  hori¬ 
zontally,  and  then  the  aperture  was  stepped-over  vertically  by  100  microns 

,  * 

(i.e.,  its  own  length)  between  adjacent  horizontal  scans.  Horizontal  strips 

of  data  consisting  of  ten  adjacent  scan  lines  were  selected  from  this  areal 
scan  and  reduced  for  five  different  altitude  levels  for  each  of  the  eight 
photographic  images.  These  selected  strips  comprised  of  10  adjacent  horizon¬ 
tal  scans  are  shown  as  numbered  bands  on  Plates  3.1  to  3.8;  each  band  is  1  mm 
long  on  the  film  or  approximately  80  kilometers  in  real  space. 


Each  of  these  altitude  regions  is  represented  by  a  single  "average 
power  spectrum"  which  is  the  average  of  the  10  individual  PSDs  contained  in 
the  expanded  "synthetic  aperture"  region.  This  procedure  (use  of  a  long  1  mm 
slit  along  the  striation)  in  the  data  reduction  process  is  sufficient  to  en¬ 
sure  that  the  data  reduction  process  would  be  noise-limited  by  the  inherent 
grain  noise;  i.e.,  no  striation  information  (larger  than  5  microns  on  film 
or  approximately  0.-  liameter  at  1,000  km  range)  would  be  lost  ("aver¬ 
aged  out")  due  to  f i  impling  pareuneters, 

*  Each  horizontal  (across  the  striation)  scan  subregion  was  initially 

checked  for  being  perpendicular  to  the  magnetic  field  (as  defined  by  the 
striation  length)  by  an  automatic  pattern  search  sub-routine.  If  misalign¬ 
ment  was  detected  (in  this  case,  angles  >  0,2°)  a  synthetic  aperture  sub¬ 
routine  would  be  activated  which  would  compensate  for  the  determined  mis¬ 
alignment  angle  by  generating  a  horizontal  scan  line  of  dnta  points  from  the 
sea  of  stored  data  points  from  adjacent  scan  lines  thi.‘  '■-vinq  a  scan  line 

everywhere  perpendicular  to  the  magnetic  field. 
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As  shown  below,  the  data  is  presented  in  real-space  geometries.  To 
accomplish  this  a  film-plane  to  real-space  transformation  at  the  altitude 
regions  indicated  on  the  plates  is  required.  To  establish  the  spatial  lo¬ 
cations  of  these  luminous  auroral  like  features  various  documented  results 
(for  example,  see  references  3  and  6)  were  reviewed.  These  studies,  and  our 
study,  tried  to  esteiblish  the  geometric  properties  of  the  optically  recorded 
striations  by  triangulation  and  also  by  projecting  families  of  magnetic  field 
lines  into  the  camera  field  of  view.  The  results  of  these  and  our  efforts 
cannot  position  the  location  and  volume  of  the  radiating  auroral  structures 
without  ambiguity. 

Results  of  two  typical  exaimples  taken  from  prior  studies  are  shown  in 
Figures  2.2.1  and  2.2.2.  Tn  Figure  2.2.1  the  authors®  illustrate  the  projec¬ 
tion  into  the  camera  system,  three  magnetic  field  lines  at  different  altitudes 
at  the  burst  magnetic  meridian  plane  and  also  in  the  1°  west  meridian  plane 
from  this  burst  meridian.  As  shown  both  projections  line  up  well  with  the  ob¬ 
served  auroral  striations.  Similarly  in  Figure  2.2.2  the  authors^  analyze 
these  photographs  (Plates  3.1  -  3.8)  with  projections  of  magnetic  field  lines 
in  the  burst  magnetic  meridian  and  also  with  grids  of  field  lines  that  start 
at  the  same  altitude  (400,  800,  and  1200  km)  at  the  burst  latitude  and  are  in 
magnetic  meridians  displaced  in  longitude  about  the  burst  region.  Although  in 
both  these,  ours  and  other  recorded  studies,  alignment  with  the  recorded  stri¬ 
ations  is  in  good  agreement  with  field  line  projections,  the  locations  of  the 
auroral  streaks  is  ambiguous  since  projection  of  magnetic  field  lines  in  mer¬ 
idian  planes,  both  east  and  west,  into  the  camera  system  have  similar  shapes. 

To  partially  resolve  this  geometric  ambiguity  magnetic  field  lines 
were  also  projected  into  late  time  film  image  records  (3  to  13  minutes) 
taken  by  cameras  on  Maui^  and  the  LASL  aircraft  (see  for  excimple.  Figure 
6  in  Reference  2) .  Results  of  such  magnetic  field  line  projections  in¬ 
dicate  that  most  of  the  striation  caused  (yellow)  brightness  at  these 
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A.  Geomagnetically  aligned 

streaks  in  the  air-zero  and 
1°-W  r.eridian  j:lares  as 
photographed  from  Canton  I 
at  540  to  600  seconds. 


B.  Kith  lines  superimposed  to 
identify  streaks  in  the  air- 
zero  meridian  plane. 


C.  with  lines  sui  erimposed  to 
identify  streaks  in  the  1°-K 
meridian  flane. 
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times  lies  between  magnetic  field  lines  in  the  magnetic  meridian  that  passes 
through  altitudes  at  the  burst  point  of  300  to  800  kilometers.  There  are 
striations  which  are  apparent  to  the  observer  that  align  with  magnetic  field 
lines  at  higher  altitudes  at  the  burst  location  (for  example,  1,000  and  1,200 
km).  However,  their  brightness  is  very  low  and  should  contribute  little  if 
not  zero  to  the  recorded  radiance  values  at  Canton  Island. 

Thus,  to  allow  transformation  of  the  film  coordinates  to  real  space 
coordinates  and  to  minimize  the  effects  of  perspective  on  this  analysis,  and 
thus  simplify  the  computational  problem,  it  is  assumed  in  this  study  that 
the  Canton  Island  striation  images  (Plates  3.1  to  3.8)  are  from  a  radiant 
energy  source  that  has  both  vertical  and  horizontal  extent.  For  computation¬ 
al  purposes  it  has  bet  n  assumed  that  the  dominant  striation  radiating  region 
is  contained  in  an  area  perpendicular  to  the  magnetic  field  above  Canton  Is¬ 
land  that  is  approximately  +  200  km  in  vertical  extent  about  the  mean  altitude, 
and  approximately  +  2.3°  (or  +  300  km)  in  longitudinal  extent  centered  about 
a  meridian  plane  at  the  burst  region  of  170.5°  west  longitude.  Because  of 
the  geometric  ambiguity,  a  sensitivity  of  our  results  to  a  change  of  the  mean 
altitude  of  this  striation  volume  is  demonstrated  by  performing  the  calcula¬ 
tions  for  mean  altitudes  of  the  magnetic  field  line  at  burst  point  of  400, 

600  and  800  kilometers. 

Figure  2.2.3  illustrates  (by  using  the  ONEMAG  computer  program®)  the 
altitude  dependence  of  the  field  lines  on  the  selected  magnetic  meridian 
pertinant  to  this  discussion.  Shown  also  in  this  figure  is  the  burst  point 
and  its  relationship  to  the  position  of  the  five  windows  selected  for  data 
analysis. 

(2)  The  computation  of  the  power  spectra  requires  that  the  scan  profiles 
be  converted  from  film  units  (  image  density,  film  coordinates  )  to  phys¬ 
ical  units  (  relati  2  source  brightness,  real-space  units  ).  This  conversion 
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comprisos  the  second  jiliasi'  of  the  data  reduction  i  roces;:. 

al  conversion  arises  from  the  5  micron  film  sampling  increment  and  the  total 
scan  length.  The  Fast  Fourier  Transform  algorithm  used  to  create  frequency  do¬ 
main  conversions  of  the  spatial  radiance  profiles  derives  its  frequency  inter¬ 
val  from  the  total  scan  length.  Each  digitized  horizontal  scan  resulted  in  a- 
bout  1400  image  points.  This  measured  profile  was  extended  artificially  to  a 
scan  length  of  4096  (2^^)  points  by  adding  zero  radiance  values  when  (after 
film  background  subtraction)  both  the  first  and  last  measured  radiance  values 
were  zero.  In  cases  where  these  two  term.inal  values  of  the  measured  radiance 
profile  were  not  zero,  the  radiance  value  of  the  4096  point  was  set  to  that  of 
the  first  measured  radiance  value.  The  artificial  points  between  the  last  meas¬ 
ured  value  and  this  4096  point  were  filled  by  use  of  a  linear  slope  between 
these  two  values. 

The  purpose  of  extending  artificially  the  radiance  profile  is  to  mini¬ 
mize  possible  aliasing  which  is  one  of  the  primary  dangers  of  using  finite 
Fourier  transforms.  This  smoothing  procedure  drops  the  higher  frequencies 
rather  than  allow  them  to  be  manifested  in  a  confusing  manner.  The  5  micron 
sampling  interval  thus  produces  (for  4096  values)  an  effective  scan  length  of 
20.48  mm  which  determines  a  frequency  interval  of  C. C4883  cycles/mm  on  the 
film  between  sample  points.  The  real-space  frequency  interval  (in  cycles/kmi) 
is  thus  Af  =  0. C1883/magnification,  where  the  recording  instrument  magnifica¬ 
tion  factor  (km/mm)  is  determined  by  dividing  the  slant  range  distance  from 
the  camera  to  the  mean  striation  volume  by  the  effective  focal  length  of  12.5 
mm.  (The  plastic  lens  has  the  effect  of  decreasing  the  Fraktina  focal  length 
by  a  factor  of  4).  Thus  for  a  slant  range  of  1000  km,  Lf  =  6.104  x  10  cycles 
/km  and  Ak  =  3.835  x  10"^  rads/km. 

Graphic  results  presented  in  this  report  are  scaled  in  cycles/km  and 
rads/km  in  real-space  at  the  altitude  level  indicated  on  the  plot.  The  Kyquist 
limit  (i.e.,  mamimum  possible  resolvable  spatial  frequency  under  ideal  condi¬ 
tions)  for  the  scan  data  is  given  by  l/(2Ax)  where  /x  is  the  (0.005  mm)  film 
sampling  interval.  Thus  this  limit  for  the  film  is  ICO  cycles/mm  (i.e.,  7.8 
rads/km  in  real  space  for  the  present  data).  In  this  study,  signal  informat¬ 
ion  (as  measured  by  the  frequency  dependence  of  the  signel/noise  (S/N)  ratio, 
was  found  to  decay  into  the  film  grain  noise  at  approximately  10  cycles/mm.. 
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The  inage  density  information  was  converted  to  relative  radiance 
r/j  using  post-factc  estimates  of  the  film  characteristics.  This  was  neces- 
b-uy  since  the  SRI  positive  film  used  for  these  STARJISH  characterizations 
was  not  intended  to  provide  quantitative  source  brightness  information  and 
therefore  was  not  calibrated.  Thus  the  standard  procedures  to  convert  den¬ 
sity  to  radiance  could  not  be  used.  The  film  did  posess  rectangular  steps 
of  constant  density  of  0.3  d  as  the  variation  of  each  step  prior  to  printing, 
a  relative  characteristic  curve  was  established  which  placed  most  of  the 
transmittance  irieasurements  of  the  processed  film  on  the  linear  portion 
(having  a  slope,  Y  =  0.9)  of  the  diffuse  density  vs.  log  (exposure) curve. 

(3)  The  third  phase  of  the  reduction  process  involves  computations 
which  produce  a  sanitized  power  spectrum  foom  the  average  of  ten  PRD  measure¬ 
ments  (one  for  each  of  the  10  adjacent  scan  lines  in  the  syntlietic  aperture)*. 
Each  spatial  frequency  ixDwer  spectrum  is  obtained  from  the  sum  of  the  squares 
of  the  A':.,  and  S's  which  arise  as  the  coefficients  of  the  sine  and  cosine 
series  in  the  Fourier  transformation  of  the  artificially  extended  radiance 
prefile.  In  essence,  the  sanitization  process  involves  the  construction 

<.,5 

of  a  frequency  domain  filter  which  compensates  for  the  effects  of  the 
modulation  transfer  function  (high  frequency  suppression)  due  to  motion 
blur  and  film/lens  frequency  response  characteristics,  and  which  filters 
out  spurious  hioh  frequency  iK)wer  due  to  film  grain  noise.  In  this  study 

4 

the  small  perspective  problem  was  incorporated  as  part  of  a  blur  correction. 

Tile  domiriant  effect  on  the  frequency  domain  filter  and  therefore 
on  the  present  data  is  introduced  through  the  signal-to-noise  ratio.  The 

4 

*  Through  this  computational  procedure  the  oscillations  of  ^he  PSD 

are  significantly  reduced.  No  other  smoothing  of  the  PSD  is  used 
since  smoothing  techniques  can  seriously  effect  the  data. 
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filter  function  is  close  to  unity  while  the  S/N  ratio  is  above  unity.  Once 
the  S/N  =  1  frequency  has  been  exceeded  the  filter  function  essentially 
follows  the  random  excursions  of  the  measured  (noise)  power  spectrum. 


The  noise  power  model  as  used  in  these  calculations  is  given  by: 


N(v) 


-2v/v^, 
=  N  e  ^  N 
o 


sin(m-A;) 


mvM 


+  N. 


(2.1) 


|N(v)|^  is  the  measured  noise  power  at  frequency  V;  is  the  frequency 
independent  ambient  noise  power  due  to  background,  instrument,  etc.,  noise. 
The  forra  for  the  noise  spectrum  v;as  chosen  as  exponential  for  computational 
convenience.  The  sin  (7IWv)/ti\^a;  term  indicates  the  fact  that  the  measured 
film  grain  noise  is  convolved  (in  the  spatial  frequency  domain)  with  the 
slit  response  of  the  scan  aperture  (of  slit  width  w) . 


(4)  The  final  phase  of  the  data  reduction  process  involves  the  actual 

characterization  of  the  sanitized  power  spectra  in  terms  of  the  fitting  func- 

•  .  .  ** » 5 

tion  and  the  SRI  radius  distribution  analysis  .  The  power  law  analytic  fits 

were  performed  over  two  frequency  regions;  (1)  the  larger  'mid  frequency' 
region  covered  the  frequency  range  '•3.8x10  k  2  radians/)an  in  real 

space.  The  lower  frequency  bound  is  the  first  non-zero  frequency  resolved 
by  the  scan  parameters;  the  upper  bound  is  the  frequency  where  the  filter 
function  suppresses  the  "raw"  power  spectrum  by  lOdb  (Table  3.2.3,  and  Fig¬ 
ure  3.3.1).  Over  the  time  coverage  of  this  analysis  (330  to  750  seconds) 
this  freuqency  varied  between  1.26  and  1.57  radiaxis/km.  The  'low  frequency' 

-3<  < 

region  covered  the  spatial  freuqency  range  from  ~3.8xlO  _  k  _  0.24  radians/)an. 


For  both  the  'low'  and  'mid'  frequency  ranges  the  power  law  fits 
9 

were  to  a  form  : 


P(k)  = 

'  '  o  ^ 


_2V 


,  vtiere  k  =  2Trf 


(L"  +  k  ) 


v+1 


(2.2) 
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The  fit  of  Equation  2.2  to  the  PSD  data  is  obtained  by  an  itera¬ 
tion  process.  First,  an  initial  estimate  of  the  value  V  is  obtained  by 
least  squares  log-log  fits  to  the  measured  power  spectrum;  i.e.,  ln[P(k)]  = 
ylnk  +  B.  Thus  V  is  related  to  the  power  law  slope,  Y  by:  v  ~  -(\'/2  +  1)  . 
Having  determined  an  initial  value  for  V,  an  initial  value  for  L  in  Equation 
2.2  is  obtained  from  the  relationship  P(k)  =  exp(B)/[(L  ^  where  B 

is  the  value  obtained  from  the  least  squares  fit.  An  improved  value  for  V 
is  then  found  (using  the  initial  value  of  L)  by  refitting  the  log-log  linear 
representation  of  the  PSD.  This  improved  value  for  V  then  leads  to  an  im¬ 
proved  value  for  L,  etc.  Iteration  between  V  and  L  continues  until  their 
values  converge.  With  L  and  V  determined,  the  value  of  (An) ^  can  be  deter¬ 
mined.  This  parameter  is  related  to  the  variance  from  the  mean  of  the  index 
of  refraction  (hence,  electron  density)  in  the  striated  region. 

-f/f 

Exponential  fits  [P(f)  =  P^e  °]  were  also  performed  over 
the  frequency  interval  0.016  <  k  <  0.24  rads/km.  As  will  be  shown  later  in 
expanded  frequency  scale  plots,  this  frequency  range  represents  somewhat  of 
a  compromise,  in  that  below  a  frequency  of  0.03  rads/)an,  siqnificant  depart¬ 
ure  from  a  single  exponential  cf  the  data  is  observed.  Because  of  tliis,  a 
second  exponential  is  also  fitted  for  the  very  low  frequency  k  <  0.03  rads/ 
Itm  region,  and  is  also  presented  in  the  graphic  presentation  of  the  data. 

The  addition  of  this  second  exponential  fit  allows  the  low  frequencies  to 
be  included.  Otherwise,  the  low  frequency  power  that  exists  in  the  stria- 
tion  structure  could  be  considerably  underestimated. 


Following  a  procedure  developed  at  SRI^,  the  exponential  fit 
parameters  were  also  used  to  estimate  the  striation  characterization  in 
terms  of  the  total  number  of  sLriations.  The  details  of  these  calculations 
are  also  presented  in  Reference  4.  In  this  procedure: 


N  = 
T 


(2.3) 
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and  defines  the  total  number  of  striations  in  terms  of  the  measured  zero 


frequency  DC  power  and  the  zero-frequency  intercept  of  the  exponential 

fit  Pq. 

The  striation  radius  probability  distribution  is  assumed  to  be: 


8N„{2Trf  ) 

N(r)  =  — 2 -  exp  [  -l/(2iifQr)  ] 

3/r(27rf^r)  ® 


(2.4) 


where  N(r)  is  the  relative  number  of  striations  with  Gaussian  radius  r;  f^ 
is  the  e-folding  frequency  from  the  exponential  fit.  The  most  probable  rad¬ 
ius  (r^)  defined  by  the  above  expression  is  given  by: 


r  =  l/27ry5f- 

p  o 


'2.5) 


As  detailed  by  Reference  5,  Equation  2.4  depends  on  several  as¬ 
sumptions  about  the  physical  nature  of  the  striations.  Such  assumptions  in¬ 
clude:  (1)  the  observed  cloud  is  an  assemblage  of  individual  striations;  (2) 

the  striations  are  rendomly  positioned  throughout  the  cloud;  (3)  the  observed 
radiance  is  due  to  recombination  only  —  thus,  it  is  proportional  to  the 
square  of  the  electron  density;  (4)  the  cloud  is  optically  thin  to  its  own 
radiation;  (5)  the  striations  are  radially  symmetric  about  the  magnetic  field 
lines;  (6)  the  electron  density  profile  is  Gaussian  about  each  striation  axis; 
(7)  the  peak  (on-axis)  electron  density  is  independent  of  striation  size. 


SECTION  3 
DATA  PRESENTATION 

This  section  sumitiarizes  the  time/altitude  characteristics  of 
possible  index  of  refraction  variations  in  the  ionosphere  in  the  time  period 
over  which  the  STARFISH  striations  v'cre  measured.  These  characterizations 
arise  from  relative  radiance  measurements  from  a  specific  SRI  Canton  Island 
film  and  are  presented  by  power  spectrum  plots  and  tabulated  parameters 
describing  simple  analytic  functions  fit  to  these  PSDs  which  approximately 
describe  the  empirical  data.  The  PSDs  cover  a  spatial  frequency  range  which 
contains  essentially  100  percent  of  the  measured  power. 

Only  a  limited  number  of  spectral  power  plots  are  presented  to 
illustrate  the  time/altitude  ionospheric  variations.  The  time  evolution  of 
ionospheric  striations  was  explored  by  selecting  eight  frames  which  covered 
a  time  span  of  330  to  750  seconds  after  burst.  The  altitude  variation  (see 
Figure  2.2.3  and  Plate  3.1)  at  each  time,  was  obtained  by  selecting  experi¬ 
mental  data  from  five  non  adjacent  windows  from  the  scanned  area  of  each 
frame.  For  a  mean  altitude  of  the  magnetic  field  or  the  striation  volume 
at  the  burst  point  of  800  km,  the  altitude  of  the  five  selected  windows 
varied  from  1000  to  1120  kilometers.  At  a  burst  point  altitude  of  400  km, 
the  analyzed  altitude  range  is  between  810  and  920  kilometers,  while  if  the 
altitude  at  burst  latitude  is  taken  as  800  km,  then  the  altitude  variation 
of  the  selected  windows  is  between  1190  and  1320  kilometers. 

Figures  3.1  to  3.8  graphically  illustrate  at  each  altitude 
irregularities  in  the  relative  radiance  above  film  threshold  as  measured 
perpendicular  to  the  earth's  magnetic  field  defined  by  the  elongated 
striation  direction.  These  graphic  illustrations  are  for  the  000  km 
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mean  burst  altitude  of  the  striation  volume.  For  example  Figure  3.1 
presents  the  spatial  variation  of  the  relative  radiance  of  the  first 
of  the  t>  scan  lines  analyzed  in  each  of  the  five  windows  which  were 
used  to  create  the  sanitized  PSD  at  330  seconds  after  the  burst.  At 
this  time  the  film  recorded  image  is  presented  in  Plate  3.1.  As  quickly 
observed  by  a  review  of  Figure  2.4  and  3.1  and  also  Plate  3.1,  the  rel¬ 
ative  radiance  values  for  the  analyzed  window  1,  are  shown  at  the  top. 

As  one  goes  down  the  field  line  towards  the  southern  conjugate,  the 
radiance  values  are  shown  lower  and  lower  in  the  graphic  illustration. 
Thus  window  5  data  is  at  the  bottom. 

As  also  quickly  observed  the  plotted  radiance  is  for  a  right- 
to-left  (i.e.  West  to  East)  scan  line  of  the  photographic  image  illus¬ 
tration.  Similar  information  for  the  analyzed  five  windows  at  differ¬ 
ent  times  are  presented  in  Figures  3.2  through  3.8  and  Plates  3.2  through 

3.8. 


3.1  PSD,  POWER  LAW  DATA  PARAMETERS 

Figure  3.1.1  to  3.1.10  present,  as  a  fijnction  of  time  at  a  given 
altitude  and  also  as  a  function  of  altitude  at  a  given  time,  the  behavior 
of  the  normalized  power  spectrum  at  the  spatial  frequencies  within  which 
essentially  all  the  measured  power  resides.  Although  such  representations 
of  the  data  were  produced  for  all  three  burst  altitudes  considered  only 
those  for  the  magnetic  field  line  representing  the  luminous  striation  vol¬ 
ume  which  passes  through  600  km  altitude  at  the  burst  point  latitude  are 
illustrated  by  these  graphical  presentations.  The  power  spectrum  was  nor¬ 
malized  so  that  the  area  under  the  curve  is  equal  to  one.  The  magnitude 

8 

and  its  variation  with  time  of  this  normalization  factor  (-lO  )  is  illus¬ 
trated  in  Figures  3.1.1  and  3.1.2. 

In  order  to  observe  how  the  power  behaves  at  the  lowest  frequencies 
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the  power  spectra  were  plotted  against  the  log  of  spatial  frequency  (k=2TTf )  . 
The  expansion  of  the  region  at  the  lov;  frequencies  shows  that  in  a  log-log 
representation,  the  data  indicates  that  at  near  zero  frequency,  the  power 
spectrum  possesses  a  small  plateau  followed  by  a  steep,  approximately  two 
decade  drop  in  the  spectral  power.  This  PSD  behavior  v/as  not  observed  in 
similar  analysis  of  CHECKMATE  striations"*.  The  PSD  also  reveals  that  as  the 
spatial  frequency  increases,  a  frequency  interval  exists  where  the  log  (pow¬ 
er)  vs  log  (frequency)  behavior  approaches  linearity. 

Overlaying  the  measured  data  on  these  plots  is  the  power  law  fit 
expression  given  by  Equation  2.2  as  determined  by  analytic  fits  in  the  'low' 
(k  S  0.24)  frequency  interval.  Similar  overlays  were  also  produced  for  the 
'mid'  frequency  (k  5  1.4)  interval.  The  low  frequency  fit  interval  analytic 
overlays  were  selected  since  these  gave  more  frequently  a  better  fit  to  the 
measured  data. 

It  is  important  to  note  that  the  power  spectrum  does  not  yield 
a  unique  solution  to  Equation  2.2.  The  solution  depends  on  the  selected 
frequency  interval  of  the  power  spectrum  fitting  range  that  is  used  to  ar¬ 
rive  at  the  desired  parcimeters  given  in  Equation  2.2. 

The  low  frequency  interval  is  defined  as  the  interval  that  in¬ 
cludes  all  frequencies  up  to  a  maximum  frequency  of  0.24  rads/km.  Thus 
the  selected  cut-off  frequency  is  independent  of  the  measured  PSD  and  there¬ 
fore  does  not  vary  with  time  and  altitude. 

Tables  3.1.1  through  3.1.8  summarize  all  the  least  square  fit 
values  for  the  parameters  which  allow  Equation  2.2  to  best  fit  the  data 
for  each  of  the  measured  PSDs  in  this  study.  Included  in  these  tables 
are  the  results  from  all  three  burst  altitudes  (400,  600,  and  800  km)  con¬ 
sidered,  thus  allowing  a  comparison  of  the  variation  of  these  parameters, 
which  result  from  the  altitude  ambiguity  of  the  striation  region. 
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Tables  3.1.1,  3.1.3,  3.1.5  and  3.1.7  present  values  that  define  the 
analytic  fits  as  obtained  from  use  of  the  'low  frequency  interval',  while 
Tables  3.1.2,  3.1.4,  3.1.6  and  3.1.8  present  values  that  define  the  ana¬ 
lytic  fits  as  obtained  from  use  of  the  'mid  frequency  interval'.  Because 
the  selected  cut-off  frequency,  k  ,  for  the  'mid  frequency  interval' 
is  defined  as  the  frequency  where  the  filter  function  decays  by  -10  db, 
it  is  dependent  on  the  measured  PSD  and  therefore  does  vary  with  time  and 
altitude.  Its  time/altitude  behavior  is  presented  in  Table  3.2.3  which 
lists  all  the  values  that  were  used  to  arrive  at  the  'mid  frequency 

interval'  values. 

Time  *nd  altitude  variation  of  the  power  exponent,  V,  shown  in  Equa¬ 
tion  2.2,  are  presented  in  Tables  3.1.1  and  3.1.2  while  Tables  3.1.3  and 
3.1.4  present  the  outer  scale  size,  L.  Table  3.1.5  presents  the  variation 
of  the  slope  associated  with  the  linear  portion  of  the  log  (power)  vs.  log 
(frequency)  plot,  while  Table  3.1.7  and  3.1.8  give  the  value  of  the  scal¬ 
ing  factor.  A,  which  represents  the  numerator  of  Equation  2.2.  Also  shown 
in  these  tables  are  the  average  values  of  these  parameters  where  the  val¬ 
ues  were  averaged  over  altitude  and  time. 

To  give  some  insight  into  the  time  dependence  of  the  power  law  par¬ 
ameters,  the  values  which  were  averaged  over  altitude  at  each  time  are 
presented  in  plotted  form.  Thus  Figure  3.1.11  presents  the  time  behavior 
of  the  average  value  of  the  exponent,  V,  and  the  outer  scale  size,  L;  Fig¬ 
ure  3.1.12  illustrates  the  time  behavior  of  the  slope  and  of  the  altitude 
averaged  value  of  the  scale  factor.  A,  in  Equation  2.2.  These  sets  of 
graphic  illustrations  are  shown  for  the  three  different  considered  alti¬ 
tude  locations  of  the  striation  volume,  as  well  as,  the  arrived  at  results 
from  the  two  different  frequency  intervals  used  in  computing  the  analytic 
fits  for  overlaying  the  measured  data.  Other  plotted  representations  of 
these  parameters  are  possible  from  the  presented  tabulations.  These  are 
left  as  an  exercise  for  the  interested  reader.  The  data  is  detailed  e- 
nough  to  arrive  at  an  understanding  of  the  sensitivity  of  the  data  to  the 
ambiguity  in  our  knowledge  of  the  altitude  of  the  striated  region. 
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330. 

3  90  . 

-  ^ .  V-  ' 

450  . 

51  P  . 

5  7  4  . 

-  1  , U  dF -  i  1 

634  . 

-  i  .  *3  * 

0  9  0  . 

-  1  .  '  -jtr  -  1 

750  . 

“  1  •  "1  ‘■*f  i 

TTMF 

Ay(. 

-  -  .  r  -  r  ' 

1,  A  4 

f 

1  T 

F 

y(  1,1.1 

■  1, 

1 

bii 

(t 

■J 

• 

. ,’) 

i1  . 

-  - 

A  1 

Al  TIT 

Jl' 

r 

(  K 

'•  ) 

1  3 

IF 

• 

f  r 

• 

1 

2 

• 

1 1 

H  ij  • 

-4  « 

h  [- 

-r 

<! 

■M 

- 

P  2 

3. 

3 

-r  2 

i 

.  r 

r;-  - 

4  2 

3  .  R 

(> 

- 

( 

mF 

- 

' 

r . 

6 

-f  ,7 

•  ( 

4-  l_  - 

r  2 

1  .  7 

/r 

*  >> 

r 

>'  •  0 

..F 

- 

.1 

3 . 

3 

‘’r 

-  4  < 

A 

•  ^ 

■  M  - 

4  2 

4  .  3 

i  t 

-  n 

i. 

R  .7 

-f 

- 

0  2 

-J  . 

-* 

^  r 

-  li  <’ 

.  7 

c.  1-  - 

4  2 

H  .  R 

/-.F 

- 1] 

? 

-  7.  ' 

- 

■? 

J  ' 

u 

-f  7 

i 

5 

Ft.  - 

4  (■’ 

1  .  7 

•  ^ 

1 

-  1  .  t- 

;  F 

- 

•  1 

1  . 

7 

!  f 

^  I 

— 

• 

'F-  - 

'  ‘ 

2.3- 

-  ■ 

1 

‘M 

- 

11  ■•’ 

-  2 . 

1 

t  *- 

“C  <’ 

i’  *'  - 

0  2 

1.2 

t  t 

- 

1 

-  1 

A  r 

- 

1 

-  1 . 

1  ) 

F 

-(■  1 

1 

•  ♦ 

- 

u2 

•  7  .  ■ 

E- 

. 

-  s 

*  t 

- 

-4 . 

1 

*,  r 

-'  3 

.s 

.  7 

At  - 

H  Jrt. '>  I  F’uINT 
A  V(j  0  y  F  (- 
Alt ] T  ui  f 

4.41F  -02 
2.  j‘.L-3  2 
3  .  R2F  -  0  2 
)  .  r-F  -  03 
-  rj  ,  2  R  t  -  Or' 
-1  .  4  'IF.  -  01 
-7  .  53t:  -  F  ’ 
- 1  .  U  7  t.  -  U  1 
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TABLE  3.1.2 


Ff-PCLi-'NM  FOWFk  l  fl  FIT  E>F-CNfNT  NU  (fO.  ?.  ? »  -00  <M  AT  H.JFST  PoIM 


TIMF 

AL  inofjc  (i<M» 

Ai^G  OVEk 

(SEC  ) 

^■•’0  . 

9  15  . 

M9C. 

rtP  1 . 

3  11. 

AlII  TUCt 

330  . 

-.E.TF-I? 

--.nFP-G? 

.'.P/f-o  y 

-1.7  .F  -0  ? 

-1  .tFL“0  2 

1 .56L-03 

390. 

-2.dai.-il? 

-1  .AvP-ot; 

P.x-f-F-O? 

1  .lOF  -0  1 

3  .  1  1  F.  -  u  2 

-  .  T  cF  -  0  2 

450  . 

-6.1AF-C? 

1 .  n  1 F  -  0  ^ 

5 .r-K-o  2 

4 .hfcP-0? 

t>.F0F-n2 

2.  Clt-02 

510. 

-5. 33fc -0? 

d.?.^,-C2 

5.P5f-0? 

-  '.4  nK  -  0  2 

-  ,  -  qf  -  0  2 

-4.H'Jl-Q5 

570  . 

-  7 . 1  3t  -1,  ? 

M.5  -CT 

i.FnF-F 

1.9  <  £-0  2 

-7  .1  FF- -  0  ^ 

4.t  FE-C3 

630  . 

-5  .oAF- 0^ 

"M.  ^  -  0  d 

1  ./lOF-  ]  <r 

1 .3  U  -0 1 

4 . 1 2c- 03 

2.‘.3t-C3 

590  . 

-  1  . 2  5F  -  0  1 

-1 .4bF -01 

-3 .5?r-02 

3.0FF-02 

-3  .  1  HF-0,5 

-5  .5  7F-  "2 

750  . 

-?  .33E-o^ 

■«.  1  FI  -b2 

-u  .M-iF-n  d 

-7.171  -0  2 

T.  7bt  -02 

-P.3r,l-  -  03 

TIMF 

AVG 

-5  .  li.E-u;’ 

-2  .r,PP-0? 

2  .  /  f  1  r  -  C  2 

2.67F  -02 

2.9F,c-  02 

LOW  FFFOlFNrr  HnwrF  law  FTT  EXPONiMI  mi  IMJ.  /.l)  o6j  <«  AT  (IOkSI  PuIM 


TIMF 

A 

ITlTi.PF  (KM 

A  F  l,  0  V  F  F 

(SECI 

1120. 

1  1  1u. 

1  0  .'M. 

1  0  ..G  . 

1  JOO. 

AlUT  Ul,l 

3  30  . 

-J 

.52F-J2  1 

.  5  TF  -  0  2 

-1 

.93r- 0  2 

1.  19t  -02 

-1 

.  0  91  -  03 

-9.  ii2f  -n  5 

390  . 

.  3  3F  -  0?  -9 

.  OSF-"  2 

1 

.2U1  -  0  2 

4.4  '((■  -L  2 

2 

.111-'',-’ 

-K.4M  -;,3 

450  . 

-  — 

.2iE-n2  -4 

.9pp-n2 

.  OrtP-n  2 

•4.7  fP -0  2 

rt 

.0  7c-  02 

1.7-e -02 

510. 

-2 

.  9  OF  -  0  2  -  1 

,  u  e  F  -  n  2 

*4 

.4  IF-  0  F 

1.2  5»  -0  2 

-2 

.  4  Ul-  -  03 

2  .1  '1-0  3 

570  . 

-ri 

.  9  Ct  -  0  2  -  3 

.2cf -02 

-  u 

.74c-n  2 

1  . 7  G  -  -  U  2 

-1 

.  j  F  -  o  3 

-3 . 051 -0? 

6  30  . 

-7 

.91F-UC  -1 

.  1  ir-o  2 

-  ^ 

.  r.  91  -  n 

1  .  941  -u2 

-2 

.  4  Mt  -  2 

-2.531  -  02 

590  . 

-1 

.■’le-ni  -4 

.32^-02 

-  ^1 

.  bP  t  -  0  F 

-2 . 5  P  P  -  0  2 

-1 

.1  9P-  u<- 

--.231 -u2 

750. 

TIMF 

-1 

.■.4F-C1  -1 

.025-21 

—  ■ 

.2  ';f-0  2 

-3 .22  P  -0  2 

-  9 

,  rt  4  r  -02 

-7 .5 Ml  -  02 

AVG 

-7 

.  10F-U2  -- 

.  1  ’1-0  2 

-  h 

.«21  -u  < 

1 .  1  91  -  U  2 

3 

.9  11  -  u  3 

Low  FFFCLFM,r  POWF*-  LAW  rlT  p  X  PTIn  T.  1  NU  ( f  :J  .  ?,’)  H  i)  0  < ’i  m1  I  POINT 


TIMF 

A  1 

TTTU|)P  (KK) 

AVI,  (jVI  P 

(SFD 

1320. 

1515. 

’  2  p  5  .  1  t'  (  9  . 

i  1  10 

• 

ALTI  T.j(.t 

330  . 

-h.-GP-u”’ 

2.  cMF-OE 

1 .ppF-02  -5.2M1 -02  - 

9 . 9  IF 

-  j3 

-  1 . 2MF -  02 

390  . 

-5.  OIF -02 

-  1  .  0  IP  -n  1  - 

5.5X1-02  7.(>21-C2 

1  .-2P 

-  01 

-l.lOl-C- 

45  0  . 

-f  .n7F-n2 

-  5  .  3  0  P  -  0  2 

5. 5  .P  -  0  2  1  .  7  11  -0  2 

1  .  1  71 

-  1;  1 

1  .  G  'L  -  0  2 

510  . 

-3.291-112 

-  5 .7  PP  -  '  2 

1.'»p.r-  -r2  -'  .771  -u,‘ 

5.711 

*  t 

-  1  .521-/2 

570  . 

-G  .2rF- c 2 

-  2 . 9  P  P  -  n  2 

1  .  53r-0,  .-  01-0  2  - 

7  .M  'll 

o/ 

-  2 . 2  M 1  -0  2 

53  0  . 

-1  .1  MF-0  1 

-  1 . 2  71  -0  1  - 

7.  M/i  -  0  2  -2.5  3P  -r  ’ 

7. 

-hi 

-G.  5  71  -  02 

590  . 

-7  .G  Or  -  0  2 

-  1  .  7  1  r  -  0  1 

‘>.‘.11-0',  r.  7  Ml  -r  3 

3  •  M  u  1 

-  li  2 

-4  .  /.nf  -  fJ2 

750  . 

-  5  .  ’  rjF  -  1)  2 

-  P  .  9M1  ’  - 

M  .2  ■(  -  '  1  -7  ,  1  -(  2 

.  ..■ 

-  1.  1 

-  •/  .  M  It  -  II  (' 

time 

AVG 

-  7  .  C  9t  -  u  M 

-  7  .  1  1'-  -5  9  - 

1  .P4i  -,|  ,  -4.2P.  -r  < 

G.P.  7! 

-02 
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TABLE  3.1.3 


ilD  FflEQUESCK’  PDwEi^  LAw  FIT  DJTER  SCALE  L  (EO.  2.2  -  <*1/RADIAN)  AT  400  K1 


TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

920  . 

915. 

890. 

851. 

010. 

ALTITUDE 

330. 

r.4  9E+02" 

3.71F+02 

4.35E*02 

5 .06E+02 

3,74E^02 

390. 

2.87E+02 

3.29E*02 

3.61E+02 

3.91E+02 

4.90E+O2 

3. 73E+02 

450. 

3.40E+02 

3.96E^02 

4.25E^02 

4.04E+02 

4 .47E+02 

4.02E+02 

510. 

3 .59E+02 

3.98E+02 

4.iOE+02 

4 ,42E+02 

3 .03E+O2 

3.98E+02 

570. 

4.dl£+02 

3. 86E+02 

4.43E*02 

4.76E+02 

3 .90E+O2 

4.37E+02 

630  . 

3 .82E+02 

4.12E+02 

4.20E+02 

4,46E*02 

4.63E*C2 

4.24E+02 

■TTTr; — 

— 3TS7ETT2— 

4. 22E+DT 

“  4  .^4F*02 

4.21E4-T5? 

3.96F*-0^ 

4.19E+02 

750  . 
TIME 

3.75E+02 

5.4bE+02 

3.94E+02 

4.56E+02 

3.91E+02 

4. 32E+02 

AVG 

3 .49E+02 

4.  J5E+02 

4.15r+02 

4.34E+02 

4.35E+02 

MID  FREOJESCr  PQi^ER  LAd  FIT  JUTER  SCALE  L  (EO,  2.2  -  KM/PADIAN)  AT  600  KM 
TIME  ALTITUDE  (KMJ  AVG  OVER 

(SEC)  1120.  1114.  1078.  1045.  1000.  ALTITUDE 


2.47t+32 

2.83E+02 

3.61E  +02 

~Z . 45E  +02 

^r7VE'+UZ' 

~3.B2E+D2 

3.05E+02 

3.22E+02 

3.61E+02 

3. 12E+02 

3.47E+02 

3.99E+02 

3.b6E+02 

3. 70E+02 

5.04E+02 

4 . 77E+02 

5.08E+02 

3.25E+02 

3.43E<-02 

4.40E+02 

4.08E  +02 

T;B4F+07 

4.20E+0Z 

4.8CE+C2 

3. 32E+02 

3,71E+02 

4.02E+02 

4 .OOE+02 
3 .94E+02 
4,56E*02 
3.61E+02 
3.69E+02 
3.72E+02 
3.73E+02 
3.66E+DZ 

3 .06E  +  02 


3.08E+02 
3.06E+C2 
3. 33E+02 
3.40E+02 
3.70F+02 
4.18E+02 
3.74E+02 
3.93E40Z 


TnJ"ERE'JUENCY  Pir¥El?'XA^  FIT  TJUTER  SCALE  L  (EO.  2.2  -  KM/RADIAN)  AT  800  KM 


TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

1320  . 

1315. 

1265. 

1239. 

1190. 

ALTITUDE 

3  30  . 

2 .78E+02 

3. J8E+02 

2.97E+02 

3. 481+02 

4.00E+02 

3.26E+02 

3  70. 

4,OOt+U2 

4.d0E+02 

3,52E+02 

4.77E+02 

4 .70E+G2 

4.361+02 

■  45U . 

- 5^.1  EFTD?' 

T.VZE+OZ 

J.&OE+OZ 

6.51E+D2 

3.91E+0Z 

4.62E+02 

5iU  . 

3 .fa2E+J2 

3 . 61  £  +02 

4.40E+02 

6.44E+02 

3 .85E+C2 

4.38E+02 

570. 

3.74E+02 

3.82E+02 

4,40E+02 

3.99E+02 

3.20E+02 

3. 331+02 

b  30  . 

4  . 't  0  c  ♦  0  2 

5 . 1 2  t  +0  2 

?. 381+02 

2 .4  3E+02 

3.01E+02 

4.07E+02 

5  VO  . 

4.40E+O2 

3 . 96E  +02 

4.3bE+02 

3.681+02 

2 .55E  +02 

3 . 79F  +02 

750  . 
TIME 

4 ,80£+02 

3.941+02 

4 . 36E  +02 

4 . 6UE  +02 

2.65E  +02 

4.071 +02 

A  W  G 

4.ilE+02 

4 . 03E+02 

4.i3E+&2 

4.49E+02 

3 .48E+C2 
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TABLE  3.1.4 


LOW  FREOJcNCT  POwEft 

LAW  FIT 

OUTER  SCALE 

L  (EO.  2. 

2  -  KM/RAOIAN)  AT  400 

TIME 

ALTITUDE  tKN) 

AVG  OVER 

(SEC) 

920. 

915. 

890. 

851. 

810. 

ALTITUDE 

330  . 

“  T.  tifioT' 

3.61E4-02 

^  2789E+02 

3.19E+02 

5 .59E+02 

3.80E+02 

3^0. 

4.57b+02 

4.i2E+02 

3.80E+02 

3.69E+02 

5.09E+02 

4.25E+02 

430. 

3.72E+02 

4 . 46E  +02 

3.99E+02 

3.80E*02 

4.45E+02 

4.08E+02 

3i0  . 

4 .00Et02 

4.89E+02 

3.32E+02 

3.63E+02 

4.G1EW02 

3.97E+02 

570. 

3.61E+02 

4.04E*02 

4. 37E+02 

4,53E*02 

4.23E+02 

4.16EW02 

t>30. 

3.95£-f02 

3.  iiE+U2 

5.45E+02 

4.01E+02 

4 .78E4-02 

4.26E+02 

670. 

2 .96E+02 

3.30E+02 

4.36E+02 

4 .46E+02 

4.72E+02 

4.00E*02 

750  . 

3 . 70t*02 

3.83E+32 

4.10E+02 

3.84t»02 

3.35E+02 

3.86E*02 

TIME 

AVG 

3.7e£+02 

3.92t+02 

4 . OqE  *02 

3.89E'f02 

4.59E+02 

L3W  FRcQUcSCY  P0rt6R  LAW  FIT  auTEW  SCALE  L  (EO.  1,2  -  KH/RADIAM)  AT  600  Ki 


TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC» 

1120. 

1114. 

1078  . 

1045. 

1000. 

ALTITUDE 

330  . 

3.9OE+02 

4 .  “toE  +02 

3.77E+02 

3.33E+02 

4.09E+02 

3.90E+02 

ny; 

3.7‘5e+'02 

4.40E+02 

4  .TIF  +^”2 

T .  2  4F^1 

■■7. 2  01+02 

4.191  +  02 

4  30  . 

3 .96E>02 

4.68E+02 

3.67t+02 

3.68E+02 

3.24E+02 

3.85E+02 

5i0. 

4 .45E+02 

3.18E+C2 

3. 99E+02 

4 .72E+02 

4.27E+02 

4.12E+02 

5  70  . 

4.94E+02 

3.72E+02 

4.161+02 

4.29E+02 

4.32E+02 

4.29E+02 

630  . 

3 .93E'*'02 

4.64E+02 

4.39E+02 

4,09E+O2 

4.77E+02 

4.53E+02 

6  90. 

7.02E+02 

4.46E+02 

4.60E+02 

4.30E+02 

4.86E+02 

5.05E+02 

75yr'^ 

4 . 5  4  E  +'DT' 

“T".  JBF+02 

17988  +  02 

4.26F+02 

3.71E+02 

4. 12E+02 

TIME 

AVG 

4 .57E+J2 

4.19E+02 

4.10B+02 

4 .22E+02 

4.19E+02 

1*7  TIT  3TJTER  SCALE  L  (EO.  2,2  -  K'l/RADIAN)  AT  000  K'l 


TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

1320  . 

1315. 

1265  . 

1239. 

1190. 

ALTITUDE 

3  30  . 

4  .llE  +  02 

4. OOE+02 

3.88t +02 

3.90E+02 

4 . 38E+02 

4.05E+02 

390. 

4.43E+02 

5.41E+02 

4.02E+02 

3 .48E+02 

3 .67E+02 

4.20E+02 

4T0. 

3.811+01 

r.T91*^2 

4. HE  ♦01 

4.77E+DZ 

4.06E+D? 

4.10E+O2 

3iO  . 

4.00E+02 

3 . 66E  +  02 

4 .27E+02 

3.96E+02 

4 .24E+02 

4.03E+02 

5  70. 

4  .OOE  +  02 

3. 71E+02 

3.48E+02 

3.S3E+02 

5.07E+02 

4.02E+02 

8  30. 

4  .81E+J2 

4 . 2bE+02 

4.68E+02 

4 .05E+02 

3 . 71E  *02 

4.31E+02 

690  . 

3.60E+02 

4 . E8E  +02 

3. 39E+02 

4.19F+02 

4.30E+02 

4 .OlE+02 

7  50  . 

"nflF 

3  .  70E+02 

3.30E+02 

3. 75E+C2 

4 ,54E+02 

4 .07E+02 

3.07E+O2 

AwG 

4 .06E+02 

4 . iOE  +02 

3.97E+02 

4 .09E+02 

4. 19E+02 

60 


TABLE  3.1.5 


Mir  FrcOUrNCY  PChFR  LAW  SLCFF  <*00  KM  1. 1  RUMS!  POINT 
TTHF  flLTITlIlI  (KM)  flYG  OVER 

(SEC)  4?n.  R15.  oUL .  rtFl.  rtlO.  ALTITUDE 

330.  -l.IGE  +  OG  -l.RHF*nr  -?.0rF+00  -1.4FF  +  0C  -1.46E«-00  -1.47E  +  00 

390.  -1.89E»Qr  -l.H^<E  +  0C  -2.13F*m  -2.1'.t»00  -2.1EE»0G  -2.0  F^OO 

45C.  -1.83F4-nr  -?.niF*Q„  -2.1.)F+nn  -?.14F*-03  -2.15E«-0>j  -2.L5F>'jG 

51j.  -1.‘)1F«-G)  -.’.IIErOO  -?.17E+0^  -2.01F«-6C  -P.C^^R+CC  -2.0.JE  +  00 

57C.  -I.F-.F4-CC  -I.RUF  +  G)  -1.92F»0n  -2.17E  +  Qli  -1.98F  +  00 

630.  -l.'<7F<-iJG  -l.MqF^-on  -l.q2£4ac  -1.97F.  +  Ui:  -l.RfcE^QO  -1.92E4-CC 

690.  -l.HIt  +  Cn  -1.8Ff*-G'''  -1.9«F4Qi:  -2.0LF4-00  -2.0  It +00  -1.9  4E  +  Ca 

75C.  -1.8HF4I)  -i,mhf+!J:  -1.41F*-i)i  -1.436+00  -1.46E4GG  -1.41E  +  00 

TIME 

avG  -l.fiSF  +  On  -l.Pi.F  +  QG  -2.r3''  +  n'3  -2.0IF  +  rc  -2.GAE4-00 


MIC  FrFQljeN(.Y  FCWFF  L  A  Fj  SLQFF  FOO  KM  AT  HUFbT  mUINT 


time 

ALTITol'C  (KM) 

AOG  OYFR 

(SEC) 

llcO.  1114. 

n7M. 

10q5.  ICuO. 

A  uT1 1  UHE 

3  ’lO  . 

-1 

,4.F  +  ..  .  -3.1  IF*,: 

-2. 1  *0  , 

-cj.OlPtOG  -1.47t*3u 

-2  .G2t*G0 

3  90  . 

-1 

.91b+G3  -1.4?Ft0j 

-  2  .  0>-*F  ♦  0  j 

-2.1  ^F  *00  -2.3LE*  CC 

-2. 0  It  +00 

46  3  . 

-1 

.o3P*Oi.  -l.q^r+uu 

-  2  .  U  5t  ♦  U  j 

-2.00  6*00  -2.t6t,M0n 

-1  .44E  +  CO 

610  . 

-1 

.  ^  qf.  4- r  .  9 .  n  7F  *  n : 

-  2  .  U  6r  <  0  j 

-1.4Ff  *0  0  -2.G4EtGC 

-1 . 99t  +00 

670  . 

-1 

.'j^F*P*  -1.h^F*aa 

-  1  ,9<-t  *1  , 

-1  .rtLf  ♦[  V  -1  .4HcMl,': 

-1 .91 t +00 

67C. 

-  1 

.71F  *03  -1 .47E+U0 

-  1  .4tf  *0  0 

-2.0  2F  *0  0  -1  .r'^E  +  GO 

-  1  .  4  IE  +  CG 

69Q. 

-  1 

.6Pp*Gn  -i.^tF*": 

-  2  .  C  2f  ♦  0  u 

-1  .HMt+JO  -1  .4  It  +  Oo 

-1  .7Mt  +  0G 

750  . 

-  1 

.EOF*..'  -  1  .7  IF  *0  C 

- 1 .  q  Or  ♦  0  n 

-1  .  4rtF  *0  J  -2  .  G  0£  tn  0 

-1  .«6F  +00 

T  IMP 

AVG 

-  1 

.oiF*CG  -l.KrfF*uij 

-2.  j.’F  +  nO 

-1.47F  +  UI.  -1.44E  +  03 

MIC  F-FOUF  GCV  FFWFk  (AW  ScOP)  «  )0  KM  AT  HU^ST  tOlNT 


T  IMF 

ALTITUPP  (KM) 

AVG  Uv/Et 

(SPr ) 

1  120  . 

1316.  12--+. 

12  14  .  1143 . 

altitudf 

0  33  . 

-2 

.  J  oF  ♦  u  0 

-2.n4P*j.:  -2.iP'F*nt 

-2,J7F*ao  -2.3F-+G0 

-2.  04E  +0  3 

390  . 

-  1 

.  9:f  *0  1 

-1.42F‘IG  -2.1  ^t  *01 

••2.16+  *3  ’  -2  .1  4E  +  ur 

-2. OFF +00 

450  . 

-1 

.“IP  +  0 

-2  .0  ‘■t  *C  0  -2  .1)  E+  G 

-2.1‘'r. +ro  -2.2rt  +  Li0 

-2  .  C«t  +00 

5  10. 

-  1 

.“Ft  +  C  n 

-  2  .  4  F  *  o  :  -  2 . 1  P  ♦  0  i 

-1  .rt4F  +n  3  -2 . 0  FP  ♦  00 

-2 . 02t  +00 

67C. 

-  1 

.7iF*n  . 

-i.mlf:  +  go  -i.4Pt+n3 

-l.F‘iF*0u  -2.03  6  +  00 

-1.F7E+0O 

0 

CD 

• 

-1 

.  7  OF  +  0  n 

-1  .F6)  *n0  -  l.hKf  *03 

-2.0  jh  +  co  -1 . 4U  +i;o 

-1 .74F  +  i'0 

69v.  . 

-1 

./it  +0  ■ 

- 1  .  5  1  r.  »  n  ^  -  1  .  q  i  '  E  +  0  3 

-1  .4‘'F  +0  :  -2 .1  1  t+uO 

-1  .  H5f  +00 

7P0. 

-  1 

.  n  1  F  +  j  n 

-1.7PP+)r  -1.7FF+0C 

- 1 . 7m F ♦ or  -2 .0 3t  +  0 n 

-1 . 74L  +00 

TT4F 

AVG 

-1 

.  I  lF  +  0 

-l.-ifP  +  Ot  -1. 4‘;t  ♦  n  ■■ 

-  1 . 44F  *CL  -2  .  G  fit  ♦  t  G 

MID  FREQUENCY  =  k  <  1.4  radians/km 
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TABLE  3.1.6 


LC\f  F^rruENr.y  prwt-p  L^K  ?;inFf  udo  km  at  rufst  point 


TIME 

(SFC» 

33n . 
390  . 
Ubli. 
51C  . 
57C  . 
63 u  • 
690. 
750  . 
TIME 
AVG 


9?Q. 

■  ?  .  U  9E  +  0  n 

■  J  .  9  5  E  ♦  0  C 

•  1  .  ant  C  0 
■1 .8 Ifc  +  C  J 

•  1 . 8PF ♦0  n 
•1  .o8t  *0  C 
•1  .75E  *0  n 
■1 .95F«-0n 


9  15. 

■1 .9?F  +C  I. 
■1  .97£*nO 

■  ? .  0  ?e  ♦  0  r 

•2.0  5t+0C 

•  ?  .  0  2F  ♦  0  0 

■  1 . 8  ’  E  ♦  n  ii 

•  1 .7  !£♦ 0  C 

■  ? .  n  F  E  ♦  J  n 


a  ltttucf 

8sr. 


(  KM  ) 


851  . 


•2.c7F*9  5 
■? .  i.'.F  +  on 
•2.1  0Ff0  5 
•2  .n7F*^  0  <■ 
■2.2rF<-00 

■  ?  .  u‘  E*  0  C 

■  1  .93L+  0  U 
■1  .9CE*aO 


-1.97F  +c  n 

-2  . 226*0  j 

-2. G9F  +  0  0 

-  l.-j3F+J0 
“?.o^F*r!u 

-  2 . 2  6  F  *  0  G 
-2.GFF>00 
-1  .rtht  *n  0 


8  10  . 

-1  .9  7F  *1;. 
-2 .16E*00 
-2.12F*OU 
-2.u9F»0C 
-1 . 9  9F  ♦u,, 
-2 . 0  It*  OD 
-1 . 99F*00 
-2 . 1  6E  *  li  0 


AKG  OVEk 
altituoe 

•2.tGL*0j 
-2. 0  96  *  CC 
-2.  OuF-i-00 
-1.996  *  00 
■2  .026*'.  u 
■2 .0  OF  *0  0 
■1  .896*00 
•1 .996*00 


-l.R^E  +  r'-;  -1.956*0.,  -2.fFf*f’.  -2.056*00  -2.06E*Or 


LFK  FPECUFNl.Y  FCWfP  LAG  SLPF6.  6u0  KM  AT  HUPST  POINT 


LOW  F-'FluENOY  6CW6L  LAW  SLOIF  MCO  KM  AT  HDKjT  POINT 


TTMF 

A  l,T  I  Till'-  (  KM  ) 

A  y  .  1  0  V  F  P 

(S6CT 

1  320  . 

1  2  39. 

1190. 

A  L  T  I  T  u  n  6 

330  . 

- 1  .  8  76  *  0 

-^.05F*r:)  -2. 

-  1  .H  ’6 *rr 

-1  .9.11-  *.'5 

-1 . 976  *  Lf} 

390  . 

-1 .  -i  CF*o n 

-1.7 ‘-6*0':  -l.87t*CA 

-2 . 15F  *0  il 

-2.2  8Ff  li.J 

-2. 0  uf  *00 

450  . 

-1  .686*0. i 

-1.8^F*Ju  -2.116*00 

-  2 . 0  ‘t  6.  ♦  0  0 

-2.2  Ih*  in 

-  2  .  0  36  +  0  ,J 

510  . 

-  1  .  a  3f  *  C  .0 

-1.9  ’6 +  m  -2.0  8f*u 

-1  .9.'6  *1 

-  *  ,  i,  .>  6  *  L, 

-1  .  9  76  * .- ; 

570  . 

-1  .9  OF*  O.J 

-i.Q.-F*n'’  -'>.l<&*ot 

-.^.07r  *0  r 

-1  .8  *0  1 

-1.956*00 

630. 

-  1.776  *CC 

-1.7-F+JC  -l.rth6*01 

-1 .9af  *0 : 

-2 . 1  5-.  *0  0 

-  1  . 8  96  *  0  0 

690  . 

-1  .8  56  *0  0 

-  1.556*  00  -  2  .O.F  *0  ; 

-2 . 0  2  6  *  0  li 

-2  .  L)  at  *  u'' 

-  1  .926  *  0  0 

750  . 

-  1  .  8  7F  *00 

-  1 . 8  66  +  0  L  -  1  .  7  6,6  *  J  i. 

-1  .  8  *0  Q 

-2. 2  7t  *'■- 

-i  .92t  *-b 

TIME 

AVG 

-1.8Ff  *C.) 

-  1 . 8m6  *Uv.  -1.)7F*J^ 

-  1.  19f  *0., 

-  d  .116  *  (j  J 

Low  Frequency  =  k  <  0.24  radians/km 


TIMF 

ISFCT 

1120. 

1114. 

ALTITlire  (KM) 

llJYp.  10  p5. 

10  0  3  . 

Ai/G  0./6> 

altitude  : 

330  . 

-  1  . 9  3F  *  0  a 

-2.  '136*0  0 

-  1  .9(>f  *  0  0 

-2.n2F*00  -2 

.  0  J  f:  *  0  0 

-1.996*00 

390  . 

-1  .9  4E  *0  .0  -1 .8  26,  ♦  no 

-  2  .  0  16  *  0  C 

-2. J96  +0  0  -2 

,  0  46  *  0  0 

-1.9a6*C0 

450  . 

-1.92F*C- 

-i.9.,F*0': 

-2  .1  ;6  *1.  i 

-  2  .  L  96  *  0  o  -2 

.  1  66*0. 

-2.C.it*0u  j 

5  10. 

-1  .9A£*Cr,  -1.076*00 

-2.09t*00 

-2 . 3  36  *0  0  -2 

.  0  uP  *  u  0 

-2.006  *1,0 

570  . 

-1.82F*U0  -  1,9. IP*  Of. 

-1  .916*  f  0 

-2.04F*00  -2 

.  0  0  6  ♦  u  0 

-1.946*00 

630  . 

-1. 846*00  -1  .98c*0ii 

-  1.94t*il  1 

-  2.  0'»6  +0  0  -1 

. 95t  *  00 

-1.956  +  00 

590  . 

-  1  .  7 56  *0 

-1 . 9  It  *0  ■) 

-1 .9r6  ♦0  . 

-..9‘‘F+0;  -1 

.  9  at  *  0 

—  1  •  9  t'F  *  ,J  u 

750  . 

-1.' 16*00  -i.8rF*nr 

-  1  .8b6  *0  j 

-1.9.36*0  0  -1 

.94t*  00 

-1  .  856  +  00  : 

time 

AVG 

-  1  .866  *0  a 

-1.9  26  +0  0 

-  1  . 9 F  *  0  G 

-2.026*00  -2 

.  r IE ♦ 00 

■ 
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TABLE  3.1.7 


1ID  FREQUENCY  PDiJER  LAW  FIT  NUMERATOR  <EQ.  2.2  )  400  KM  AT  BURST  POINT 


TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

920  . 

915. 

890. 

851. 

610. 

ALTITUDE 

330. 

5 .52E-06 

5.86E-06 

““5T5lE“06^ 

b.l0E'^“0~6~ 

‘4 , 841-06 

5,57E-06 

390. 

5.46E-06 

6 . 56E “06 

4.99E-06 

4.e6E-06 

4.73E-06 

5.32E-06 

450  . 

7.56E-06 

5.56E-06 

4.93E-06 

4.29E-06 

5.15E-06 

5.50E-06 

510. 

6 .OlE-06 

5.62E-06 

4.10E-06 

7.886-06 

7.44E-06 

6.21E-06 

570  . 

8.81E-06 

5.34E-06 

4.14E-06 

4.70E-06 

4.36E-06 

5.47E-06 

630. 

7.69E-06 

5.14E-06 

4.57E-06 

4.50E-06 

5.09E-06 

5,40E-06 

690  . 

6 .25E-06 

6.73E“06 

4 .O7E“06 

4.26E-06 

4  •  lBE-06 

5 .  rCF-'D'?. 

750. 

TIME 

8 .29E-06 

fl.28£-06 

8.57E-06 

e.78E-06 

8.97E-06 

8.58E-06 

AVG 

6 .95E-06 

b.l4E-06 

5 .llE-Oo 

5.67E-06 

5.60E-06 

MID  FREQUENCY  POWER 

LAN  FIT 

NUMERATOR 

(EQ.  2.2) 

600  KM  AT 

BURST  POINT 

TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

1120. 

1114. 

1078. 

1045. 

1000. 

ALTITUDE 

33U. 

3 .83E-06 

3.96E-06 

3.50E-06 

4.27E-06 

3.21E-06 

3.75E-06 

- J7U1 — 

j . 8^  t -uo 

4 . 69E -0 6 

i i fc-UO 

i 

d  .  Mt-U6 

3 . 50F— 

450. 

5 . 32E-06 

3.6bE-0b 

3. 116-06 

2 .43E-06 

2.92E-06 

3.49E-06 

510. 

4.49E-06 

3.57E-06 

2.92E-06 

4 . 60E-06 

4.79E-06 

4.12E-06 

5  70  . 

8 .12E-06 

4.25E-06 

3. J6E-06 

3.52E-06 

3.21E-06 

4.43E-06 

630. 

6 .34E-06 

3.31E-06 

3.31E-06 

3.49E-06 

3.76E-06 

4 .04F-06 

690. 

6 .04 E -06 

2.90E-06 

2.886-06 

4.75E-06 

4.95E-06 

4.26E-06 

750 . 

7 . 62  E -06 

■4.8OE-O6 

5T  T6'E-06' 

5" .  90E  -  06^ 

"5  .'B8E-T16 

5 . ITT-OB 

TINE 

AVG 

5 .72E-06 

3.88E-05 

3.45E-06 

4 ,02E-06 

3 .92E-0O 

MID  FRFqUENCrTJlTETr-T.rw  FIT  NUMERATOR - tTQ.  '2.21  BOO  KM  AT  BURST  POINT 


TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

1320. 

1315. 

1265. 

1239. 

1190. 

ALTITUDE 

330  . 

3 .29E-06 

2.77E-06 

2.55E-06 

3.24E-06 

2.50E-06 

2.87E-06 

390. 

2.77E-06 

3.44E-06 

2.42E-06 

2.20E-06 

2.17E-06 

2 .60E-06 

4  3  3. 

3 . 86  E -06 

dt  75E -66 

d .  *.  vt-yo 

1 .986— Ob 

'ZTJ3T-'U6 

7 . 68E  — 

510. 

3.27E-06 

2.59E-06 

1 .92E-06 

3.22E-C6 

3.486-06 

2.90E-06 

570  . 

4 .01E-O6 

2.92E-06 

2.27E-06 

2.68E-06 

2.37E-06 

3.01E-06 

630  . 

4 . 78E-06 

2.90E-06 

2.0OE-O6 

2 .56E-06 

2.75E-06 

3.12E-06 

690. 

5.38E-06 

3.69E-06 

1.92E-06 

2.70E-06 

3.54E-06 

3.47E-n6 

750. 

-  "T  T  !■  g 

5 .4  IE -06 

3.77E-06 

4 .ol E-06 

4 .706-06 

4 .61E-06 

4.62E-06 

lint 

4 .19E-06 

3. lOE-06 

2 .oOE-06 

2.91E-06 

2.93E-06 
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LOW  PftEaUENCr  POWER 
TIME 

(SEC)  920. 


330  . 

4 .38E-06 

390. 

4.00E-Ob 

430. 

4.92E-06 

31J. 

4.81E-06 

570  . 

3 .84E-06 

630  . 

3.79E-06 

6V0. 

3.63E-06 

750  . 

6 .03E-06 

TIME 

AVG 

4 .43£“06 

LOW  FREQU6NCT  POWER 

TIME 

(SEC) 

1120. 

330  . 

3 .18E-06 

TTTC 

2 .87E-Db 

450. 

3.61E-06 

510 . 

3 .46E-06 

570. 

5.34E-06 

630. 

3.53E-06 

690. 

4 .34E-06 

7T0T 

5 . 0  4  t  ”0  6 

TIME 

AVG 

3 .92E-06 

row  PREUUENCY  POWER 


TIME 

(SEC) 

1320. 

330. 

2.32E-06 

390. 

2 .20E-06 

45U . 

2  .50E-06" 

510. 

2 .46E-06 

570. 

4 .OlE-06 

630  . 

2 .74E-06 

690. 

3.52E-06 

750. 

4 .OeE-06 

TIME 

AVG 

2 .98E-06 

I 


TABLE  3.1.8 


LAW  FIT 

mumerator 

( EO.  2.2) 

400  KM  AT 

BURST  POINT 

altitude  (KM) 

AVG  OVER 

915. 

690. 

851 . 

BIO. 

ALTITUDE 

4.71E-0‘6 

4. 75E-06 

4 .64E-06 

4  7681^6“ 

47'6  3^-06 

5.30E-06 

3.92E-06 

4 .lOE-06 

4.21E-06 

4.31E-06 

4.21E-0b 

4.42E-06 

3.eiE-06 

4.61E-06 

4.40E-06 

4.30E-06 

3.87E-06 

5 .336-06 

7.53E-06 

5.17E-06 

3.  79E-06 

3.256-06 

3.49E-06 

3.70E-06 

3.62E-06 

3.61E-06 

3.23E-06 

3 .006-06 

3.81E-06 

3.49E-06 

3.44E-06 

3.66E-06 

3.59E-06 

3.706-06 

3.60E-06 

4.57E-U6 

5.36E-06 

6.41E-06 

4.92E-06 

5.46E-06 

4.24E-C6 

4.066-06 

4,30E-06 

4,65E-06 

LAW  FIT 

NUMERATOR 

(EO.  2.2) 

600  KM  AT 

BURST  POINT 

ALTITUDE  (KH) 

AVG  OVER 

1114. 

1078. 

1045. 

1000. 

ALTITUDE 

3. 50E-O6 

3. 73E-06 

3.17E-06 

3.28E-06 

3.39E-06 

4,436-06 

3 . 3  6  E  —0  6 

3 .66E-06 

.90E-0& 

T744E-06 

3,36E-06 

3.12E-06 

2 .55E-06 

2.73E-06 

3.08E-06 

3 .03E-06 

2.65E-06 

3 .42E-06 

4.99E-06 

3.51E-06 

2.79E-05 

2.52E-06 

2 .49E-06 

2.48E-06 

3.12E-06 

2.87E-06 

2.47E-06 

2.43E-06 

2.91E-06 

2.84E-06 

2.68E-06 

2.91E-06 

3.49E-06 

2.856-06 

3.25E-06 

1  .TJE-^TJr 

4.2  7b  — 06 

5 . 20E -06 

3.95r-W 

4 . 4  4T-06 ~ 

3.31E-06 

3.13E-06 

3.30E-06 

3.26E-06 

!' 


LAW  HI  HU'^E'^TUH - rETJ'.“T.?)  ^DD  KH  AT  BURST  POINT 


ALTITUDE  (KM) 

AVG  OVER 

1315. 

1265. 

1239. 

1190. 

ALTITUDE 

2.24E-06 

2.60E-06 

2.30E-06 

2 

.43E-06 

2.38E-06 

3.43E-06 

2.44E-06 

2.24E-06 

1 

.95E-06 

2.45E-06 

2 . 3bt-06 

2. 136-06 

1.5  7E-U6 

T 

.856  —06 

2.086-06 

2.30E-06 

1.79E-06 

2 .246-06 

2 

.77E-06 

2.31E-06 

2.11E-06 

1 .68E-06 

1. 676-06 

1 

.85E-06 

2.26E-06 

2.21E-06 

1.99E-06 

1 .72E-06 

1 

.756-06 

2.O0E-O6 

2.01E-06 

1.92E-06 

2.36E-06 

2 

.OOE-06 

2.36E-06 

2.95E-06 

3.216-06 

3.16E-06 

2 

.646—06 

3.2  lE-06 

2.45E-06 

2.22E-06 

2 .16E-06 

2 

.15E-06 

65 


3.2 


PSD,  EXPONENTIAL  FIT  DATA  PARAMETERS 


In  this  section  we  overlay  the  measured  data  b  a  two  term  exponen¬ 
tial  fit.  A  similar  PSD  representation  for  the  STARFISH  northern  conjugate 
beta  patch  striations  is  presented  in  Reference  10.  Figures  3.2.1  through 
3.2.10  present  part  of  our  PSD  overlayed  data  as  a  function  of  time,  at 
constant  altitudes.  In  a  review  of  these  plots  it  is  evident  that  a  de¬ 
parture  occurs  from  the  data  (at  k  <  0.04  radians/km)  when  fit  by  a  single 
exponential  P(f)  -  Ij  exp  (-kAo)  over  the  range  0.016  <  k  <  0.236  radiansAni. 
Thus  to  prevent  the  underestimation  of  the  very  low  frequency  power  (k  <  0.04 
radians/km)  a  second  semi-log  linear  curve  1 2  is  added  to  represent  this  low 
frequency  region. 

Tables  3.2.1  through  3.2.3  suirmcirize  the  least  square  fit  values  for 
the  semi-log  linear  analytic  fit  parameters.  Tables  3.2.1  and  3.2.2  pre¬ 
sent  the  intercept,  Ij,  and  slope  (lAoi)  frequency  fit  interval 

(0.016  <  k  <  0.236  radiansAm)  for  the  three  different  locations  of  the  stri¬ 
ated  region.  Table  3.2.3  presents  the  intercept  I?,  (l/ko2)  for  the  very 
low  frequency  range  (0  <  k  <  0.04  radians/km)  at  only  one  altitude.  Be¬ 
cause  of  the  steepness  of  the  data  in  this  frequency  range,  these  paramet¬ 
ers  do  not  vary  significantly  with  altitude  and  therefore  tabulated  values 
of  the  parameters  are  omitted  for  the  other  two  altitudes  of  the  luminous 
striation  volume.  The  tables  also  present  the  values  of  these  parameters 
averaged  over  time  and  over  altitude.  The  time  variation  of  these  para¬ 
meters  (of  the  slope,  the  intercepts  Ij  and  I2)  are  presented  in  Figure  3.2.11. 
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TABLE  3.2.2 


HID  FREQJENCY  EXPDNENTIAL  FIT  SL3PE  (KH/RADIA>^)  AT  400  KM 
TIME  ALTITJOE  CKM) 

(SEC)  920.  915.  890.  851.  810. 

“310. - =1 .73E  +  31  -I.70t>01  -I.6BE  +  31  -1.64E  +  01 

390.  -1.71E+01  -1.58C+01  -i.70£+01  -1.39E+01  -1.87E+01 

450.  -1.55E+01  -1.80E+Ci  -1.47E+01  -l.BBEiOl  -1.92E*01 

510.  -i.55E+01  -1.48E  +  01  -1.59E+01  -1.71E  +  J1  -1.07E-f01 

570.  -1.45E+01  -1.52E+01  -2.03E+01  -1.97E+01  -1.99E+01 
630.  -1.55E*0i  “1.98E+01  -2.J6E+01  -2.17E+0i  -2.12E+01 

~5TT. - -l.b/b+01  -i  .85Efin~-T:;31T*  0 1  -T .  TZE  +  ar  -r.  V7E9  D  T 
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ArfG  -l.bOc+Ol  -i.70E*0i  -i.74c  +  01  -1.7oE-f0I  -1.76E  +  01 


HID  FREQJENCY  EXPONENTIAL  FIT  SLOPE  (KM/RADIAN)  AT  600  KM 
TIME  ALTITUDE  (KH) 

(SEC)  1120.  1114.  1078.  1045.  1000. 


330. 
370T 
450  . 
510. 
570. 
630. 
690. 
TTJT 
TIME 
AVG 


-1.71E+01  -i.80£+01  -1.78E*01 
-1 . 6  9 1 E  0 1  -T .  5  UI  TU  T'  -1  '.3  5  E  ♦ITT 
-1.69E+01  -1.74E+01  -1.74E+01 
-1.58E+01  -1.73E+01  -1.87E+01 
-l.40£f01  -i.55£*01  -1.97E+01 
-i.63E*01  -1.89E+01  -i.89E*01 
-1.52E+01  -1.75E+01  -1.71E+01 
-1.49E^0i  -i  .y6FFTn“-^.44E>Dl 
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BURST  LATITUDE 
AVG  OVER 
ALTITUDE 
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-1 .78E+0] 

-1 .59E+01 
-1.79E+01 
-1.71E+C1 
-1 .71F+01 
-1.58F+01 
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.  TABLE  3.2.3 


LOi^ 

FKEQJEMCY 

EXP3'<6'<T1AL 

FIT  INTER 

CEPT  12  600 

KM  AT  BURST 

POINT 

TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

1120. 

1114. 

1078. 

1045. 

1000. 

ALTITUDE 

330. 

0 .50E-01 

8. 94E-01 

8.43E-01 

4.63E-01 

5 .47E-01 

7.19E-01 

390. 

7.80E-01 

a.55E-01 

8.65E-01 

5.92E-01 

9.94E~01 

8.17E-01 

450. 

7.83E-01 

0. 75E-U1 

a.20£-01 

8.90E-01 

7.53E-01 

8.24E-01 

510. 

7.65E-01 

9.10E-01 

8.ilE-0i 

8.34E-01 

o 

UJ 

• 

7.88E-01 

570  . 

7.50E-O1 

1.04E+00 

9.22E-01 

7.04E-01 

6.37E-01 

8.12E-01 

630  . 

8 .21E-01 

7. 71E-01 

7.11£-01 

5.67E-01 

5.36E-01 

6.81E-01 

690. 

9.02E-01 

9. 80t-01 

9.43E-01 

5.87E-01 

6.38E-0i 
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8.05E-O1 
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9.01E-01 
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L3i<  FKEJJENCr  EXPJNENTlAL  FIT  SLOPE  (Kl/RAOIAN)  AT  600  KM  BURST  LATITUDE 


THE 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

1120. 

1114. 

1078. 

1045. 

1000. 
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330. 
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-3.02t>02 

-3.37E+02 

-2.65E+02 

-2 .38E+02 

“1 .99E+02 

“2 .60E  +  O2 

5  70  . 

-2.99E+02 

-3.64E+02 

-2.93E+02 

-2.39E*02 

-2.23E+02 

-2.84E+02 

6  30  . 

-3 .19EtD2 

-2 .67E+02 

-2.20E+O2 

-1.89E*02 

“1.77E+02 

-2.36E+02 

690. 

-3.40E+02 

-3.30E+O2 

-3.09E+02 

-2.41E+02 

-2.33Et02 

-2.92E+02 

75"0. 

-2 .93E+D2 

-3. 32E+02 

“3.0  5E'*’02 

“2^.  6  7E  *0  2 

-2.02E+O2 

TIME 

AVG 

-3.12E+02 

-3.28E+02 

-2.88E+02 

-2.21E+02 

-2.20E+02 

■RIT0T3 

TTFr-rjTTT 

rON  CRDSTES  -lOBD  RADIANS/KM  AT 

600  KM 

TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC  ) 

1120. 

1114. 

1070  . 

1045. 

1000. 

ALTITUDE 

330  . 

1  .55E+00 

1.51E+00 

1.51E>00 

1 .5U  +  00 

1 .30E+00 

1 .40E+OO 

390. 

1 .60E+00 

1.35E+00 

1  .27F+00 

1 .15E+00 

1 .35E+00 

1 . 35E  +  OC 

450 . 

1  .68E+00 

1 . 38E+00 

1.46E+00 

I.23E>00  1.49F+00 

1 . 45E  +  00 

510. 

1  .47E«00 

1 .38E+00 

1. 16E+00 

1.81E+00 

1 .70E^00 

1 .  50E^00 

570  . 

1 .63E+00 

1.47E+00 

1. 39b*00 

1 .65E+00 

1.33E+00 

1 .49E*00 

630  . 

1  ,45E*00 

1  .22E  +  0D 

1 . 44E+00 

1 .49E+00 

1 .46E+00 

1 .41E>00 

590  . 

1  .60E+00 

1 . 59E+00 

1 . 06E  +00 

1 .46E+00 

1  .65E  +  00 

1 .47E>00 

750  . 

1  .45E+00 

1  . 19E  +  00 

1 . 30E+OO 

1 .51E  +  00 

1 .62E^OO 

1 .43E  +  G0 

TIME 

AVG 

1  .55E+00 

1 . 39E+00 

1  .  33t^00 

1 .47E+00 

1 .49E  +  00 

3.3  OTHER  DATA  ANALYSIS  RESULTS 
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As  previously  reported  various  other  parameters  are  determined 
from  the  PSD  by  the  Aurora  computer  program. 

3.3.1  Radiation  Profile  Integral 

nee 

For  each  scan  line  considered  the  optical  power  integral,  =Ax  J! 

1=2 

1/2 [R(I-1)+R(I) ] ,  was  determined  from  each  relative  radiance  profile  a- 
cross  the  observed  striations.  The  average  value  of  this  integral  was  de¬ 
termined  for  each  of  the  five  windows  (illustrated  on  the  enclosed  photo¬ 
graphs)  by  averaging  over  the  total  number  of  scan  lines  comprising  each 
window.  Table  3.3.1  summarized  the  results  and  illustrates  the  observed 
variation  in  optical  power  with  altitude  and  time.  The  values  were  also 
averaged  over  altitude  at  each  time,  to  remove  the  altitude  fluctuations. 

The  results  of  this  averaging  are  presented  in  Figure  3.3.1.  As  expected, 
the  time  variation  shows  a  decay  of  the  radiant  striation  optical  power 
with  increasing  time. 

3.3.2  Power  Spectral  Integral 

2  0  48 

In  all  cases  considered  the  integral  Z  1/2  [P  (I) +P (I-l) ] ,  over 

1=2 

the  sanitized  power  spectrum  was  determined  at  each  altitude  and  time.  The 
results  of  this  integral  as  it  varied  with  altitude  and  time  are  presented 
in  Table  3.3.2.  Also  shown  in  this  table  are  the  average  values  after  the 
altitude  variation  at  each  time  were  averaged  out.  Fiaure  3.3.1  illustrates 
the  time  variation  of  the  average  value  of  this  integral.  Its  decay  in  time 
is  similar  to  that  of  the  optical  power  from  which  its  value  arises. 

3.3.3  Frequency  Where  Filter  Function  Decreases  By  10  db 

4 

In  the  data  analysis,  a  filter  function  was  used  in  order  to 


*  For  plotted  data  Ax  and  Av  are  taken  as  one. 
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describe  and  correct  for  the  spatial  frequency  response  of  the  various  com¬ 
ponents  in  the  film  measuring  process.  It  can  be  assumed  that  no  usable  data 
exists  in  the  power  spectrum  at  frequencies  larger  than  the  frequency  where 
the  filter  function  operating  on  the  "raw"  power  spectrum,  suppresses  its 
value  be  10  db.  The  frequency  at  which  this  first  occurred  was  determined 
as  a  function  of  time  and  altitude  for  all  the  PSDs.  Some  of  the  determined 
values  of  this  frequency  are  presented  in  Table  3.2.3.  The  time  variation  of 
the  value  of  this  frequency  after  averaging  over  altitude  at  each  time  is 
graphically  illustrated  in  Figure  3.3.1. 

3.3.4  Number  of  Striations 

It  was  indicated  before  that  by  following  a  procedure  developed 
by  SRI®,  the  exponential  fit  parameters  can  be  used  to  estimate  the  total 
number  of  striations  in  the  imaged  spatial  volume.  Using  the  expression 
given  by  Equation  2.3  and  the  required  fit  parameters,  the  number  of  stria¬ 
tions  were  determined.  The  time/altitude  values  of  striations  which  resulted 
in  this  analysis  are  presented  in  Table  3.3.3.  As  observed  from  a  study  of 
the  data  (and  also  Fiqure  3.3.2)  it  is  clear  that  these  values  are  not 
unique  for  they  depend  on  the  assumptions  used  and  the  frequency  interval 
over  which  the  semi-log  linear  fit  is  established.  Fiaure  3.3.2  presents 
the  time  variation  of  the  number  of  striations  after  the  altitude  variations 
of  this  value  were  averaged  out.  It  is  significant  to  note  that  over  the 
time  period  considered  the  number  of  striations  does  not  appear  to  chance 
even  though  the  relative  radiant  px)wer  has  decreased  by  approximately  a 
factor  of  three  (see  Figure  3.3.1). 

3.3.5  Most  Probable  Striation  Radius 

As  shown  by  Equation  2.4  a  radius  probability  distribution  can 
be  determined  from  the  exponential  fit.  The  most  probable  radius  vaJues  of 
this  distribution  which  arises  from  the  data  at  each  altitude  and  time 


are  summarized  in  Table  3.3.4.  The  time  dependence  of  the  altitude-averaged 
value  of  this  most  probable  radius  is  illustrated  in  Figure  3.3.2.  This 
plotted  data  indicates  that  no  significant  change  in  this  value  is  observed 
in  the  time  span  of  this  analysis. 

3.3.6  Total  Area  Contained  in  Gaussian  Striations 

Another  parauneter  that  can  be  determined  is  the  total  area/TT 
(or  total  unit  volume,  i.e.,  unit  length  along  the  striations)  of  all  stri- 
ations  in  the  imaged  spatial  volume.  This  total  area/Ti  is  defined  as  |:J(r)r^dr. 
N(r)  is  the  striation  radius  distribution  (Equation  2.4)  normalized  such  that 
|ll(i)dr  equals  the  total  number  of  striations.  The  symbol  r  is  the  Gaussian 
striation  radius  (in  cm) .  The  time  and  altitude  values  of  this  parameter 
are  presented  in  Table  3.4.5.  Figure  3.3.2  presents  the  time  dependence  of 
the  value  of  this  parameter  after  the  altitude  averaging  has  been  performed. 

A  review  of  Figure  3.3.2  indicates  that  the  striations  occupy  about  10%  of 
the  total  volume  used  in  these  calculations  for  the  imaged  striation  region. 
Likewise,  except  for  the  shift  brought  cibout  by  the  ambiguity  of  the  location 
of  the  striation  volume,  no  time  v.=iriation  of  this  parameter  is  determined. 

3.3.7  Relative  Volume  Emission 

Having  determined  the  total  striation  area  A,  (or  unit  volume  a- 
long  the  striations)  the  volume  cmissioti  of  opt.ioal  light  can  be  determined 
from  the  expression  E  -  [47TjR{x)dxl/TrA,  where  P(x)  is  the  measured,  relat¬ 
ive  radiance  profile  across  the  striations.  Thus,  E  is  the  relative  volume 
emission  in  units  of  emitted  power  per  cubic  centimeter  for  each  striation 
averaged  over  the  emission  along  the  camera  line-of-sight .  The  value  of  this 
optical  emission  volume  as  determined  for  each  altitude  and  time,  using  tlie 
measured  relative  power,  is  presented  in  Table  3,3.6.  It  is  likewise  graph¬ 
ically  illustrated  in  Figure  3.3.1. 
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M . 7  FF  *02 

■<  .  1  b  ♦  *  0  2 

1  '  i.S  .  1  l  b  0  . 


7.2bl  *02 

b.rtbr  *0<' 

4 . 0  ■>  “  *0  2 

b , q4t*  02 

b.rt  n  *0  2 

4  ,  b  b  F  *  0  2 

D  .7  -  •■_  ♦  4  f ' 

7  .  7  b  b  *  0  2 

7.2/F  *4'' 

7.'.4‘'F42 

*,  .7  9F  *12 

b  .  0  0  --  ♦  0  2 

7  .  3F|  *  J  2 

0  .  0  qt  *  0  2 

r>  .  u  7f  ♦  1 ' 2 

b  .442  *  0  2 

7  ,  0  4  F  ♦  U  2 

7.  3  7F  *0<’ 

Pul  Nl 

AVI,  nvt  ‘■ 
A  ..  T 1  T  U  G  (■ 

7  .TOf  *0'^ 
9  .  <?  6t  ♦  0  ? 
7 . 0  /t  +  ^  c: 
7  .oGc  +  Of' 
0 , 6  OF  ♦  0^' 
G.rtStb^CJ^ 
o  .  <•  U  c 

x./St+o? 


nf  st^vtation'^  in  SPAT17.  vnt.)-t  ^  .r  km  at 


TIMF 

1 

(SFG  ) 

1  ,-20  . 

1  7  IF  . 

330  . 

1  .  1  7F  ♦  4  .3 

1  .  'll  1  ♦  0  3 

3  90  . 

1 .3bF  *  1  3 

1  .2  1  t  *0  3 

460  . 

1  .  j  4F  ♦  0  3 

1  .  1  f-F  ♦  0  3 

5  10. 

1  .  3  71  *03 

1.091*43 

5  70  . 

1 . 1  qf  ♦  0  3 

1  .  0  4F  *  n  < 

63  0  . 

1  .  2  cF  ♦  0  3 

1  .  3r-  *  '.-■ 

69C  . 

1  .  3 “F  *  0  3 

1  .  29t  *  4  3 

750  . 

1  .2  )t  ♦  0  3 

1  .  ■’7-  *  )  ^ 

TIMF 

AVG 

1  .2FF  *4  3 

1  .  1  *  ' 

iriTtlFF  (KM> 

1  2 1  . 

12  7  ' 

• 

1  1  90 

1  .n 't  *  IM 

1, 1  Jf 

*  0  i 

1  .  2  1  F 

1  .  U  f  ♦  0  3 

1  .  4  bF 

*4  3 

q  .  4  or 

1  .  0^*F  *  'J  3 

1  ,  .3  b  I. 

*  0  2 

^  ,  U  H  h 

1  .123  ‘0  3 

4  .  3  ir 

*42 

7  . 

9 . 2 :  F  *  0  £ 

i.n 

*1  3 

q .  b  b*- 

1 . 1  :  F  *  1  3 

4  .,1  Tf 

*  1  2 

1  .4b- 

1  .  2-  t  ♦  •"  3 

1  .  0 

*0.3 

)  .  fj  4f- 

1 .  n  3f  *  u  ■■ 

* .  2  1  F 

*1.  ' 

1  .  n  - 

1  ,  ■ ^  1 

1.  b  •■* 

*l  . 

i  .1  2‘ 

,1 N  r 

iW  G  0  ^  f  f 
AuT  I T  uC- 

1  .  li.  f  +  )  < 
1  .  1  t  HJ  3 
) .  o  Mt  ♦Of' 
1  .  J  ♦'  f  ♦  C 
1  .  u  U  ♦  0  t 
1  .  u.  r  ♦  0  s 
1  .  lut  ♦03 
1  .  0  M-  ♦  C 
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TABLE  3.3.4 


10ST  PRaSABLE  STRIATIJN  RADIUS  400  Kh  AT  BURST  POINT 


TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

920  . 

915  . 

890. 

851. 

810. 

ALTITUDE 

330. 

1 .OOE+01 

^9.T4E400 

9.6eE*00 

9.44E+00 

9. 74Et00 

390. 

9.84E+00 

9. 12E^00 

9.84E+00 

8.00E+00 

1 .08E+01 

9.52E+00 

453  . 

0.95E+OO 

1 .04E+0i 

8.48E+00 

1 .09E  +  01 

1 .lOE+01 

9.95E+00 

510. 

B.96E+00 

0.48E+OO 

9.20E+00 

9.84E+00 

6.16E+00 

8.53E+00 

570  . 

e.32E+00 

6.72E4-00 

i.l7E+01 

1.14E4'01 

1 .15E+01 

1.03E*01 

630. 

0.88E+OO 

i.l4E*01 

1.19E+01 

1.25E+01 

1.22E+01 

1 . 14E^01 

690. 

9.60E+00 

1.06£+0i 

i.04E*01 

9.92E+00 

1. 14E+0i 

1.04E+'01 

750. 

9.28E>00 

9.a8E+00 

8.08E+UO 

9.04E+00 

8.80E+00 

9,14E+C0 

TIME 

AVG 

9.23E+U0 

9.70E+OO 

1 .OOE^Oi 

1 .02E  +  01 

1 .02E+01 

lOST  PROBABLE  STRiATlQN  RADIUS  600  KM  AT  BURST  POINT 


time 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

112J  . 

1114. 

1078. 

1045. 

1000. 

ALTITUDE 

330. 

9,84£+00 

1 .03E+01 

1 . J2E401 

1 .02E+01 

9.52E+00 

1.00E401 

390  . 

9.76E+00 

8.64E400 

8.96E+00 

“5.96F400” 

i.oeE+oi 

9.42E400 

450  . 

9.76E+00 

I.OIEAOI 

1 .OOE+Ol 

1 .08E401 

1 .13E401 

1 .04E401 

510. 

9.12E+00 

l.OOE+Ol 

1.07E401 

1 .02E4D1 

8.40E+00 

9.60E+&C 

5  70  . 

8 .O0E+JO 

e.96E400 

1.14E401 

1 .09E<-01 

1 .llE+Ol 

1 .OlE+Ol 

630. 

9 .44E  +00 

1 .09Et01 

1. J9E+01 

1.17E+01 

1.12E401 

1 .08E+01 

690. 

0.0OE+OO 

1.01E4C1 

9.84E^00 

1 .a2E4Ul 

1 .06E+01 

9.90E400 

750. 

0.56E>OO 

8.96E*00 

gT32T+00 

T.68I+00 

*9.44E400 

0 ,99E400 

TIME 

AVG 

9.17E+00 

9.74E+00 

1 .OOE+01 

1  .03EO1 

1 .03E401 

TIME 


40ST  PROBABLE  5 TR  IXTKJff  H ADIUS  BOO  KM  AT  BURST  POINT 

ALTITUDE  (KM) 


AVG  OVER 


:se:  ) 

1  32  0  . 

1315. 

1265  . 

12  39  . 

1190  . 

ALTITUDE 

330  . 

9.75E4-00 

1 .02E+01 

9.68E400 

9.e4E+00 

9.3bE4-00 

9. 76E400 

390. 

9.44E+00 

8 . b4E  *00 

9.60E  *00 

9. b4E400 

1 .06E  +01 

9.63E400 

■4^0V 

- 9.68E400' 

■  9.6DE^U 

“9'.“75  r+OD 

■"i.i“2r+oi 

1 .13E401 

1 .03E4C1 

5  1  . 

0.00E4OO 

9. 76E400 

1.02E401 

1 .02E401 

9 . 7bE400 

9.70F4OO 

570. 

3.0BE400 

1.04E401 

1  . 1  3E+01 

1 .10E4-01 

1 .lOE+Ol 

1 .03E401 

630. 

8id8E+ijO 

1  .  0  1 1  >  0  1 

1  .02t401 

1 . lOE  +  0  1 

9 . 2  0 1  ♦  0  0 

9 . 8  7  E  ♦  0  0 

690  . 

0.46£*OO 

1 .OOE+Ol 

1  .OOE^Ol 

1  .OOEOl 

1.07F+01 

9.B4E400 

750  . 

tutf 

8 .16E+00 

8 . 38F  +00 

9.20E400 

9.92EtJ0 

9 . 36F  to 0 

9. 10E400 

AVG 

3.92E4-00 

9.b9E400 

9.99E>00 

1 .04Ff01 

1 .U2E  401 
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TABLE  3.3.5 


TOTAL  AREA  (Kf1A*2)  H  GAJiSUM  STRIATI3MS  AT  400  KM  AT  BURST  LATITUDE 


THE 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

920. 

915. 

890. 

851. 

810. 

ALTITUDE 

33  0  . 

9.63EA04 

~?.F0£  +  C4 

8  i  7  8Ta04''' 

8.64E+04 

“  9T'2rEV64 

9.09E+04 

390. 

1 .14E+05 

0.9OE+O4 

1.02t+05 

e.27£+04 

9.01E4-04 

9.55EA04 

4  30. 

9.47EA04 

8.96E+U4 

1.01EA05 

8.82E+04 

8.16E+04 

9.11EA04 

510. 

9.34E+04 

1.03EA05 

1.09EA05 

7.76E+04 

5.79EA04 

8.82EA04 

370  . 

8 .42E+04 

1.22E+05 

9.66EA04 

9.71E4-04 

l.OOE+05 

9.99E+04 

630  . 

9 .92E+04 

9.  17E+04 

9. 71E+04 

8.5e£*04 

8.26EA04 

9.13E+04 

690. 

1 . J4E+05 

1  . 16E+05 

1.  i2E+05 

8.86E+04 

1.02E+05 

1.05E+05 

750. 

TIME 

8 .26E+04 

9.02E-fO4 

8.46E+04 

7.15E+04 

9.07E+04 

8.55EA04 

AVG 

9.60E+04 

1.00EA05 

9.88EA04 

8.47E+04 

3.72EA04 

TOTAL  AREA  IN  GAUSSIAN  STRIATIOnS  AT  600  KM  AT  BURST  LATITUDE 
TIME  ALTITUDE  (KM)  AVG  OVER 
(iEC)  il2U.  1114.  1076.  1045.  1000.  ALTITUDE 


i.50EA05  1.41EA05  i.BlEAOO  1.34Ea05 


1  .31E+05 
1  .31E+05 
1  .12E+j5 
1 .3eEA05 
1  .42Et05 


1 .  33EA05 
1 .43E+05 
1  .  70E  +  05 
1.42EA05 
i.74E  +  0!j 


1 .  32E>05 
1. 46EA05 
1 .52EA05 
1.50EA05 
1.65E+05 


1 .43EA05 
1.24EA03 
1 .55EA05 
1.41EA05 
1.36EA05 
Tr.-07F>TTy 


1 .43EA03 

1 .33E+05 
9.8ZEA04 
1 .63E+05 
1.36EA05 
1.62EA05 
1.79F+IT5  ■ 


1 .  33EA05 
1  .'46ITCr5' 
1 .  34l>05 
1 .28E  +  05 
1.50EA05 
1.41EA05 
1.56E+05 
”1 .25l  +  a5‘ 


1.37E+05  1.47E+G5  1.44E+05  1.33E+05  1.39E+05 


STR^IAnONS  AT  800  KM  AT  BURST  LATITUDE 


TIME 

altitude  (KM) 

AVG  OVER 

(SEC) 

1320  . 

1315. 

1265  . 

1239. 

1190. 

ALTITUDE 

330. 

1 .98EA05 

1.86EA05 

1 .72E+05 

1 .flBE+05 

1 ,B8E+05 

1 . 86EAC5 

390. 

2 .19E^05 

1 .60EA05 

1 .91EA05 

1 .63E  +  05 

1 .fl2E+05 

1 .e7EA05 

4  50  . 

l./3E*05 

TV  6  3  E ♦ 0  5 

1.36 1  AU 5 

Z.TTEV-05 

1 . 6  9  E 

1 .  B4E^D^ 

510. 

1.91E+05 

l.b5E+05 

2.09E+05 

1.76E+05 

1 .36E+C5 

1 .79EA05 

570  . 

1 .39E+05 

2 . J1EA05 

2.11EA05 

2 .19EAJ5 

2.07EA05 

1 .95E+05 

630  . 

1 . 76E+05 

1 . 88E  +05 

2.05E+05 

2.05E+05 

2.20Et05 

1 .99Et05 

690  . 

1  .76EA05 

2.31EA05 

2.24EA05 

1 .91EA05 

1 .99EAC5 

2.04EA05 

750  . 

1 .43EA05 

1 . 79EA05 

1.57EA05 

1  .44EAD5 

1 .69EA05 

1 . 58EA05 

^TMF 

AVG 

1 . 77E+05 

1 .E9E+05 

1 .94E+05 

1 .90Et05 

1 .84 E +05 
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TABLE  3.3.6 


relative  tfJLJ-IE  EMISSIQ'I  (VE)  430  KM  AT  BURST  POHT 
TIME  ALTITUDE  IKM)  AVG  OVER 


(SED) 

920. 

915. 

890. 

051. 

810. 

ALTITUDE 

'330. 

■1.32E-0‘ir“  r.T3¥-‘0'6 

1.35r-06 

I.45E-06 

1 .49E-06 

1.39E-06 

390. 

9.80E-07 

i.28E-06 

i.l6E-06 

1 .61E-06 

1 .60E-O6 

1.34E-06 

450. 

9. 336-07 

1.09E-06 

1 .08E-06 

1 .45E-06 

1.68E-06 

1.26E-06 

510. 

e.l5E-07 

8.20E-07 

9.15E-07 

i.35E-06 

1 .87E-06 

1.15E-06 

570. 

6.20E-07 

5.20E-07 

7.70E-07 

8.266-07 

8.25E-07 

7.13E-07 

630. 

4.35E-07 

5.73E-07 

6.38E-07 

3.10E-07 

e.40E-07 

6.59E-07 

690 . 

3.iOE-07 

3.33E-07 

T^TBT-irT 

5  .^TE -0  7 

^ . 6  BE-07 

'4  .WE'-DT 

750  . 

3 .63E-07 

4.i3E-07 

5.40E-07 

6.65E-07 

5.30E-07 

5.02E-07 

TIME 

AVG 

7.28E-07 

7.95E-07 

8.54E-07 

1.09E-06 

1 .17E-06 

RELATIVE  VOLUME  EMISSION  (VE)  600  KM  AT  BURST  POINT 


time 

ALTITUDE  (KM) 

AVG  OVER 

(SEC) 

1120. 

1114. 

1078. 

1045. 

1000. 

ALTITUDE 

330. 

1 .05E-06 

i .08E-06 

i.21E-06 

1 .15E-06 

1 .19E-06 

1.14E-06 

i  vu  • 

8 .U5E-U  7 

i.UVt-Ub 

9,05E-07  ■ 

~r  •  2  5E  “TJ6 

T.T9E-D6 

1.0  7E  — 0  6 

450  . 

8 .65E-07 

3.93E-07 

9.98E-07 

1. lOE-06 

1 .23E-06 

1.03E-06 

510. 

6.68t-07 

5.85E-07 

7.58E-07 

1 .04E-06 

1 ,36E-06 

9.02E-07 

5  70  . 

5.68b-07 

4.55E-07 

5.95E-07 

5.38E-07 

6.28E-07 

5.77E-07 

630  . 

3 .80E-07 

4. 50E-07 

5.00E-07 

6.05E-07 

6.33E-G7 

5.14E-07 

690. 

2.78E-07 

2. 73E-07 

3. 18E-07 

4.30E-07 

3.68E-07 

3.33E-07 

75  0  . - 

- r.CTS'E-OT' 

'TiTfUF-UT 

■  A4E5E-OT 

5. TOE -0  7 

4 .60E-07 

4.20E-07 

TIME 

AVG 

6 .15E-07 

6.59E-07 

7.13E-07 

6.47E-07 

9 .OOE-07 

RELATIVE  "VOLUME  E^TTSm  TVEl  ffOO  XM  AT  BURST  POINT 


TIME 

ALTITUDE  (KM) 

AVG  OVER 

(SEC  ) 

1320. 

1315. 

1265  . 

1239. 

1190. 

ALTITUDE 

330  . 

9.35E-07 

9.55E-07 

9. 99E-07 

9.67E-07 

1 .03E-06 

9.89E-07 

390. 

7.33E-07 

1.02E-05 

8 . 74E-07 

1  .ObE-06 

1 .23E-06 

9. 82E-07 

450. 

■777DF-IIT 

-  T.  FSF-TJT 

-F.ZBE-OT 

S.B5E-07 

1 .20E-06 

8.09E-O7 

510. 

2.21E-06 

2.54E-07 

2.5iE-07 

8.67E-07 

1 .17E-06 

9.50E-07 

570  . 

5 .41E-07 

• 

o 

m 

1 

O 

5.00E-07 

5.34E-07 

5 .80£-O7 

5.23E-07 

630  . 

3 .50E-07 

4.01E-07 

4.296-07 

4.94E-07 

4 .65E-07 

4.20E-O7 

690. 

2.63E-07 

2.41E-07 

2.74E-07 

1 .606-06 

1 .53E-06 

7.01F-O7 

730  . 

3.00E-07 

3.25E-U7 

4.126-07 

4.0OE-O7 

4 .20E-07 

3.fl7E-C7 

“rmr- 

- - 

AVG 

7.b2E-j7 

5. 52E-07 

3.716-07 

8.616-07 

9.59E-07 
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In  this  report  we  have  svunmarized  results  of  derived  parameters 
of  simple  cinalytic  representations  of  spatial  frequency  power  spectra  that 
arose  from  relative  radiance  measurements  of  STARFISH  striations  as  recorded 
on  film  at  Canton  Island.  We  have  tried  to  establish  a  time  and  altitude 
dependence  of  the  power  spectra.  Because  of  the  allowadale  time  element  for 
t}iis  study,  and  complexity  of  the  data,  we  were  not  successful  in  this  en¬ 
deavor.  Study  of  the  presented  data  reveals  that  it  is  not  obvious  if  one 
exists  in  the  time  period  and  location  of  our  analysis.  It  could  very  well 
be,  that  at  these  late  times,  the  striation  region,  which  is  far  removed 
from  the  burst  location,  is  substantially  the  same  and  regions  within  this 
striation  volume  of  different  character,  which  ought  to  be  described  by 
different  PSDs,  do  not  exist.  In  any  event  the  data  is  presented  in  suffi¬ 
cient  detail  to  allow  review  by  others,  as  to  the  existence  of  possible 
time/altitude  effects  on  the  determined  PSDs. 

Although  ambiguity  exists  as  to  the  actual  altitude  of  the  stria¬ 
tion  volume,  the  results  of  the  fit  parameters  describing  the  two  considered 
Cinalytic  fits  to  the  PSDs  (log-log  linear,  sem.i-log  linear)  are  quite  insen¬ 
sitive  to  this  ambiguity.  This  is  not  true  regarding  derived  parameters  that 
are  model  dependent  (such  as  number  of  striations,  striation  area,  volume 
emission,  etc.).  As  shown  by  the  presented  data  these  parameters  are  sensi¬ 
tive  to  the  selected  location  of  the  striation  volume.  The  time  dependence 
of  these  model  dependent  parameters  likewise  indicates  that  the  sampled 
striation  region,  is  substantially  the  s^^me  over  the  time/altitude  interval 
studied. 


The  prime  purpose  of  these  measurements  was  to  establish  the  power 
spectral  density  from  the  striation  properties  and  determine  if  these  stria- 
tion  ijroperties  would  restrict  the  PSD  to  a  relatively  simple  analytic  form. 

It  is  clear  from  the  presented  results  how  well  this  can  be  achieved  by  a 
power  law  or  a  single  exponential  fit.  It  is  also  shown  in  Figures  3.2.1 
through  3.2.10  that  a  much  better  fit  to  the  data  is  achieved  by  a  two- 
term  exponential  fit.  Although  time  did  not  allow  to  review  the  data  in 
terms  of  a  similar  two-term  power  law  fit,  it  is  certain  that  because  of  the 
sharp  PSD  drop  a  k  =  0.01  rads/km,  a  better  representation  of  the  PSDs 

would  be  achieved  by  such  a  consideration.  This  is  easily  seen  by  a  review 

of  Figure  4.1  and  4.2  where  one  of  the  PSDs  from  Figure  3.1.1  is  reproduced. 

In  Figure  4.1  analytic  fits  of  Equation  2,2  are  overlayed  for  a  fixed 
slope  (V  =  0,014,  i.e.,  y  =  2.03)  and  six  different  v<ilues  of  the  outer  scale 

size,  L.  Likewise  in  Figure  4.2  analytic  fits  of  Equation  2.2  are  overlayed 

over  the  experimentally  determined  PSD  for  an  outer  scale,  L  390  and  five 
different  values  of  V  represented  by  the  slope,  y.  It  will  be  noted  that  for 
wave  numbers  greater  than  0.03  rads/km,  a  very  good  fit  to  the  data  is  achieved 

by  a  power  law  fit  having  a  slope  of  about  2  (i.e.,  V  =  0)  and  an  outer  scale 

size  of  20  f  L  <  100  km/rad.  If  this  were  selected  then  the  power  region  at 
lower  wave  nximber  (km/rad)  values  could  be  expressed  by  an  added  second  func¬ 
tion.  Our  endeavor  to  fit  all  the  data  by  one  simple  expression  forces  the 
selection  of  a  large  value  (~  400)  for  the  outer  scale  size.  Since  this  is 
about  the  distance  of  the  entire  scan  length  across  the  striations,  it  seems 
clear  that  this  very  large  outer  scale  size  is  not  a  result  of  stochastic 
large  scale  fluctuations,  but  is  instead  related  to  the  deterministic  gross 
structure  of  the  radiance  profile.  On  several  of  the  PSD  plots  shown  in  Sec¬ 
tion  3  there  appears  to  be  a  short  flat  shelf  at  k  ~  0.03  rads/km.  This  sug¬ 
gests  that  the  true  outer  scale  for  the  stochastic  fluctuations  may  be  in  the 

range  of  20  to  40  km/rad,  and  that  the  increase  in  the  PSD  for  k  <  0.03  km/rad 

is  due  to  the  deterministic  structure  of  the  radiance  profile. 
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